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61 JTCG/ME-71-7-2-2 

ABSTRACT 

The MAGIC computer simulation generates target description data 
consisting of item-by-item listings of the target's component s and air
spaces encountered by a large number of parallel rays emanating from any 
desired attack angle. A combinatorial geometry technique, which defines 
the locations and shapes of the various physical regions in terms of the 
intersections and unions of the volumes contained in a set of simple 
bodies, is used to represent complex target structures. A grid cell 
pattern is superimposed over the surface of the target and parallel rays 
are "fired" from each grid cell. 

Volume II, Part II contains : 
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Abbreviations. 
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Part II 

SECTION III , SIMULATION MODEL (Continued) 

Subroutine QRTIC(C,R,N) 

Subroutine QRTIC is called by Subroutine TOR to solve a polynomial 
equation of the type x4 + ax3 + hx2 +ex+ d = 0, using Ferrari's solution 
of the quartic equati on where the coefficient of x4 is assumed to be one. 
Four-element a rray R will contain the root:s, and variable N will contain 
the number of real roo ts . If there are two real r oots, they will be placed 
in R(l) and R(2) with the complex roots in R(3) and R(4) in the form R(3) ~ 
iR(4). If there are no real roots, the complex roots will be stored in 
the form R(l) ± R(2) and R(2) :t iR(4) . Subroutine QRTIC calls Subroutine 
CUBIC to find the roots of the resolvent cubic equation. 

The statement 

DIM~NStON CC41tRC41tCCC3ttRRI3l 

is used to dimension arrays for the four coefficients of the quartic equation, 
for the four roots of the quartic equation, for the three coefficients of the 
resolvent cubic equation, and fo r three roots of the cubic equation. 

The statements 

c_ 
C1 S~~ES A POLVNOMIA~ EQUATION OF T"E TYP[ x••~ • C!li•X••J 
c • CC21•x••2 • CIJI*X • C141 • 0 USING TH[ fEARAAI SOLUTION OF 
C TME QUaRTic EOU&TIONt THE COEFFICIENT 0' x••• IS &S~UM[O TO BE l• 
C RC41 CONTAINS THE ROOTS. N CONTAINS THE NUMBER OF REAL AOOTSe e IF TMERE aA£ 2 R[AL ROOTS THEY WILL BE IN All) &No ACzlt WITH 1HE 
C COMP~EX ROOTS IN RIJI•• A!41•1t l' !HERE AA~ NO A[A~ ROOTS TH! 
C COMPLEX ROOTS &R£ IN ACli+•ACzl•l &NO AC31••AC41*1• 
c 
C COMPUTE RESOLVENT CUBIC 
c 

ClSO•CCl)~CCl) 
cclll•··s•cczl 
CCC21•o2S*~Ill•CC)l•CI4 l 
CC(JI•,l25•C CC4l•C4,•CCiJ•ClSOI•C(li•CCll 
CALL CUBlCCCCtRRoNN) 

are used to compute the coefficients of the resolvent cubic equation 

3 b 2 (ac-4d) 4bd- a
2
d-c

2 
w --zw + 4 w+ 8 

0 

where y = 2w, from the co~fficients of the quartic equation. Subroutine 
CUBIC is called to compute the roots of the resolvent cubic equation. 

453 
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The statement 

8~ D£T[AMtN£ I' POSSIBLE SOLUTION 
c 

is used to compute the quantity a 2/4-b for use in solving the coefficients 
of 

which splits into two quadratic equations with properly chosen e and f: 

2 a 1 
l< + - x + - y = ± (exH) 2 2 

Solving for x using the quadratic formula results in 

- ~ + e ±)f I +e}2 - 4 (w-f) 2 
x1,2= 2 2 

for two roots and 

a ±)(- ~ -e)2 - 4 (w-f) 2 
e 

X 
3,4 2 2 

for the remaining two roots . 

The statement 

is used to begin a DO loop to test each real root returned from Subrout ine 
CUBIC to determine if there are any real roots in the quartic equation. 

The statements 

454 
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ar e us ed to compute t he coefficient of x
2 

of Equation (202) . If i t is very 

near ly zero, it is set to zer o . The coefficient is tes ted for a less- than

zero condition, which means that fo r the given real root of the cubic equa

tion there are no real roots for the quar tic equation. Therefore, the 
program loops to consider t he next r eal root , if any. 

The statements 

ASQ•ROOT•Roof•CC4l 
IFC•BSC8SQ).LE•0•00000l)BSQ•O• 
l'IBSO,GE•O•OJGOTO 20 

10 CONTlNUf 
N•o 
A! TURN 

are used to compute the constant te rm of Equation (202). If it is very 
nearly zero it is set t o zero. The value is tested f o r a greater t han or 

equal to zero condition, which means that for the given real root of the 

cubic equation t her e are real roots for the qua r tic equation. If the con

stant term of Eq ua t ion (202) is less than zero, the given real r oot of the 

cubic equation will not result in real r oots for the quartic equation. The 

progr am there fore loops t o conside r the next real c ubic root. If all real 

cubic roots have been considered without satisfying t he conditions for real 

roots i n the quartic equation , the variable N (the number of r eal r oots in 

the qua r tic equation) is set to zero , and the subroutine ret urns control to 
Subrout ine TOR. 

The statements 

CO"PUTE 'lAST TwO ROOTS 0, QUARTIC ~QUATION 

ZO TW~•B•CClJ•ROOT•Cil) 
••'aRTCASQl 
R•StONCSORTl8!Q)tTWOA8) 
N•n 

are used to compute the coefficient of x , the square root of the coeffi cient 
of x2 , and the squa r e root of the constant term with the sign of the coeffi

cient of x of Equation (202). The variable N ( the number of real root s in 

the quartic equation) is initialized to ze r o. 
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The statements 

A!A~••2!•~A•A•~llll 
OlSC•A~AL•A!AL•AOOT•B 
SQAOOT•SQATCABSCOtSC) ) 

are used to compute the values for solving quadratic Equation (20~ for the 
first set of roots; and to solve for the value of the square root of the 
discriminate. 

The statements 

tFCABSC01SCieLE•0•00000liOl3C•O• 
l'lOISC,LTtOtOIGOTO lo 

are used to determine if the absolute value of the discriminate is very 
nearly equal to zero, and, if it is, to set it to zero. A test is made to 
determine if the value of the discriminate is less than zero. lf it is, the 
roots are complex conjugates. Therefore, the program branches to compute 
the two imaginary roots. 

The statements 

c 
C4 DlSCRlMINAT£ ,G[, 0 COMPUT£ 2 A!AL ROOTS 
c 

N•2 
A (1 I•A!AL•SQAOOT 
~CZI•A!AL•SQAOOT 
GOTn 40 

are executed if the discriminate was greater than or equal to zero. They are 
used to set variable N to two to indicate two real roots. The values of the 
roots are computed and stored in the first two elements of array R. The pro
gram then branches to determine the condition of the two remaining roots. 

The statements 

DISCAIMINAT! eLTe 0 

30 Rlli•REAL 
Al4)e5QAOOT 

COMPUTE z IMAGINARY ROOTS 

4 56 
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are executed if t he discriminate was less than zero, indicating that the 

roots are complex conjugates. These statements therefore store the imagi

nary roots in the last two elements of array R. 

The statements 

g6 COMPUTE LAST TWO ROOTS 0, QUARTIC E~UATlON 
c 

are used to compute the values for solving quadratic Equation (204) for the 

second set of roots and to solve for the value of the square root of the 

discriminate. 

The statements 

t~IABSCOISCl•LEoOoOOOOOll OlSC•O • 
tFIOlSCoLT.ooOlGOTO 5~ 

are used to determine if the absolute value of the discriminate is very 

nearly equal to zero, and, if it is, to set it to zero. A test is made to 

determine if the value of the discriminate is less than zero . If it is, the 

roots are complex conjugates, and the program branches to store the two imagi
nary roots. 

The statements 

c 
CT OlSCRI~lNATE ,GE. 0 COMPUTE 2 REAL ROOTS 
c 

N•N•2 
RINl•qEAL•SQ~OOT 
q(N•tl•REAL•SQROOT 
RETURN 

are executed if the previous test of the discriminate proved that the roots 

are real. These statements store the two real roots in the R array after 
determining the proper location in the R array based on the number of real 

roots already computed. Control is then returned to Subroutine TOR with 
the values of the real roots . 
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The statements 

c 
C~ OtSCRI~JNATE .~T. 0 COMPUTE ? lMAGl~lAY ROOTS 
c 

1§0 RtN•l>•REl~ 
q tN•zhSQAOOT 
qETIJAN 

a r e executed if the dis criminate was l ess than zero, indica ting that the 
roots are complex conjugates. These statements therefore store the imaginary 
roots in the R array at a location based on the number of real roots already 
computed. Control is then returned t o Subr outine TOR with t he values of 
the real roots. 
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Subroutine CUBIC(C , R, N) 

Subroutine CUBIC is called by Subroutine QRTIC to solve a polynomial 

equation of the type x3 + ax2 + bx + c = 0 where the coefficient of x3 is 

assumed to be one. The three roots are passed back to Subroutine QRTIC 

through argument R. The number of real roots is passed back through argu

ment N. If there is only one real root, it will be in R(l) with the complex 

roots in R(2) i*R(3) . 

The statement 

is used to dimension two three-element ar r ays for t he three coefficients of 

the polynomial equation and the three roots of the equation. 

The statements 

~; CO"PUTt ROOTS OF CUBIC EOUATJON 
c 

C\SQ•C C 1 J eC ( l J 
P•C IZ l •ClSQ/J, 
O•CllJ+Clll•lze•ClSQ/ 2Tt•CCZll]•l 

are used to solve the expressions (from Cardan's Solution) 

I 
2 I 

p = b- ;~ 

and I q = c + a-(-2-~-::-~---}--.) 

whe r e c(l) = a, c(2) = b, and c(3) = c 

The statements 

otsc•4 .•P•P•P•z?••o•G 
CJ•CCll'l• 

are used to solve t he expression 

3 2 

Q = (~) + t !) 
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from the equation 

and a/3 from the equation 

a 
X = y 

3 

The statements 

I'(ABSCOISCJtL[•l•O[•&)OISC•O• 
I'CDISC.L[.O eOIOOTO ln 

(214) 

(209) 

are used to set DISC to zero if the absolute value of DISC is very nearly zero. 
DISC is tested to determine if it is less than or equal to zero. If it is , the 
program branches to compute three real roots for the polynomial equation. If DISC is gr eater than zero, there are only one real root and two complex roots. 

The statement 

is used to set N to one to indicate to the calling program that the solution of 
the cubic equation results i n only one real root. 

The statements 

5Q~OOT•SQRTC0lSC1tOI•J 
H.-U"O•.!•Q 
&CU••HAL,Q•SQ~OOT 
BCU••H&L,Q•SQAOOT 

are used to solve the quantities under the radical of equations 
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and 

3 
B = ~ ::!} - VQ 

The statements 

a•SlGNCABSCACU)•••3l3333333l333lltACUI 
B•SlGNCABSCBCU)••·33l3lllllll333lti~U) 

TN 4565- 3- 71 Vol II 

(213) 

are used to solve Equations ( 212> and ( 213) for A and B, respectively , using 

the sign of the expression under the radical as the sign of the result. 

The statement 

is used to compute the value of A + B for solving the equations 

I Yl = A+ sJ 
~ A+B 1~-- A-2B , r-;:;31 
~- -2- ± V.J 

The statements 

qct)•l8•C3 
Al2) 8 •.s•A9•Cl 
RCJ)••866025404•CA•Bl 
A[TURN 

(210) 

(211) 

are used to compute the one real root, with the result in R(l), and the two 

conjugate complex roots, with the real part of the complex root in R{2) and 

the complex part in R(3) using Equations ( 212) and ( 213) and Equation ( 211). 

Program control returns to Subroutine QRTIC . 

The statement 

~l CONDITION FOR 3 R[AL ~OOTS 

e 
10 Nal 
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is used to set N to three to indicate to t he calling program that the Solution 
of the cubic equation results in three real roots. 

The statements 

T•SQAT IABS IP)/3 o1 
TT•UT 

are used to compute the value of 2 I - p/3 for use in solving the cubic equa
tions (trigonometric solution) 

b = ~- V-P/3 cos ( "'~ (215) 

~z Y-P13 cos (o/3 : ~0~ (216) 

The statement 

is used to determine if two of the three real roots are equal by testing DISC 
for a zero value. 

The statement 

is used to compute the value of ~/3 in radians for solving Equations (215) and 
(216) where 

r 
cos ~ = -;:::=q==~ 

- 2 1-(p/3)3 

The statements 

RC11•TT•COSCP"Jli•C3 
ACz)•TT•COSCPWl3•Zo09439SlOl)•C3 
AC,I•TT•COSCPHil•Z•09439SlOJI•C3 
A!TUR~ 

(217) 
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are used to compute the three unequal roots from Eq uations (21~ and (216) 

and Equation (217) . The program returns control to Subroutine QRTIC. 

The statements 

c 
C4 CONDITION ,OR 2 OR l EQUAL ROOTS 
e 

20 ACl ) eSIGNCTTe•O)•CJ 
AC2)•StGNl Te0)•Cl 
Ac1t•Rcz, 
R£TUAN 

are executed if two of the three real roots are equal. One root is equal to 

2 V- (p / 3) =yin Equation (21~ with the sign of y equal to the sign of -q. 

The other two equal roots are equal to I- (p/3) =yin Equation (21~ with 

the sign of y equal to the s ign of q. The program returns control to 

Subroutine QRTIC. 
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Subroutine UN2(L,Jl , J2) 

Subroutine UN2 is called by other subroutines of the MAGIC program 
when unpacking uf two integer data items from a single computer wor d is 
required. L, the pointer to the location of the word in the MASTER array, 
is passed to Subroutine UN2. Subroutine UN2 unpacks the two 15-bit integer 
data items and passes them back to the calling routine via Subroutine UN2 
integer variabl es Jl and J2. The two data items appear in packed format as: 

The statement 

~; UNPACK 2 15•8JT JNTEG[A DATA IT[MI ~AOM ~ ~OAO IN MAIT[N ARRAY 
c 

COMMON ~4STERtlOOOOl 

is used to make the MASTER array available to this subroutine. 

The statements 

IJ•MASTER CL) 
Jt•IJ13Z16t 
Jz•l3•Jl•lz761 
At:' URN 

are used to store the MASTER array word referenced by pointer L in word !3. 
Variable Jl is equated to the data in the 15 bits previous to the last 15 
bits by dividing the word by zlS, thus shifting righ t 15 bits and leaving 
only Jl. The J2 data item is unpacked by subtracting Jl left-shifted by 
15 bits from 13, leaving only J2. The l eft-shift of 15 bits is performed 
by multiplying the word by 215. 
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Subr outine UN3(L,Jl , J2,J3) 

Sub routine UN3 is called by Subroutine Gl when unpacking of three 

integer data items from LIO, Subroutine Gl working storage in the MASTER 

array is required. L, the location of the packed word, is passed to Sub

routine UN3 from Subroutine Gl. Subroutine UN3 unpacks the two six-bit and 

one 15-bit integer data items and passes them back to Subroutine Gl via 

Subroutine UN3 integer variables Jl , J2, and J3. The three data items appear 

in packed format as: 

L --- ---- - -
Unused - ·---- -·-

t 
L 

The statement 

6 bits 6 bits 1 15 bits 
----1--- - - ...... 

J l J2 _ ___....___ -- --- I ·- _ _:1} _ __.. 

~j UNPACK Z 6•8lT AND 1 l!•llT INT£&£A DATA lT[HS rAOM Gt WORKINB 

e STORAG! AT TH! L WOAD IN TH[ MAlTER ARRAY 
c 

COMMON MASTER Ct on oOl 

is used to make the MASTER array available to this s ubroutine. 

The statements 

IJ•MASTEA CU 
t2•h1J2168 
Jte12/64 . 
J2•J2•Jt.64 
JJ•Il•tz•Jz?u 
A! TURN 

are used to store the MASTER array word referenced by pointer L in word 13. 

13 is right-shifted 15 bits and equated t o I2, leaving only Jl and J2. Jl 

is determined by right-shifting 12 six bits, leaving only the six bits of Jl. 

J2 is determined by subtracting Jl , left- shifted by six bits, from I2, leav

ing only J2. J3 is f inally determined by subtracting Jl and J2 of 12, left

shifted by 15 bits, from 13, leaving only J3. The right-shift of 6 bits or 

15 bits is performed by dividing word L by z6 or zl5, respectively. The 

left-shift of 6 bits or 15 bits is performed by multiplying word L by z6 or 

zlS respectively. 
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Subroutine OPENK(L,Jl,J2,J3) 

Subroutine OPENK is called by Subroutine CALC when unpacking of three 
integer data i t ems from the ITR array prepared by Subroutine TRACK is 
required. L, pointer to the location of the word in the ITR array, is 
passed to this subroutine from Subroutine CALC. Subroutine OPENK unpacks 
the th r ee 12-bit i nteger data items and passes them back to Subrout ine CALC 
via integer variables Jl, J2, and J3. The three data items appear in packed 
format as: 

[ Unused 
t 
L 

The statement 

· 12 bits 

Jl _!__ __ 

COMMON/OT~4CKIOt•02•KHITtLMA••TRtzoOJ•XeSCJJtJAITATtJ[NCt 1 fTAC200)tCAtCttSAtS! 

is used to make the ITR array available to this subrout ine. 

c 
Ci 
c 
c 
c 

The statements 

UNPACK 3 12•BtT INTEO!A DATA ITEMS 'RON COMPONENT LIN[•O,.SIOMT STORAO! ARRAY ITA , THE THA[E ITEMS ARt 
I !UA,AC[ NUMBER I 800Y NUMI[A I NE~T AIGION I 

U•ITRU.) 
tz•U14096 
J1•1214096 
Jl•lz•,J1•4o96 
J3•13•12•4o96 
A!TUAN 

are used to store the ITR array word referenced by L in word 13. I3 is 
right-shifted 12 bits and equated to 12, leaving only Jl and J2 in 12. Jl 
is determined by right-shifting I2 12 bits, leaving only the 12 bits of Jl. 
J2 is determined by subtracting Jl, left-shifted by 12 bits, from 12, leav
ing only J2. J3 is finally determined by subtracting Jl and J2 of 12, left
shifted by 12 bits, from 13, leaving only J3. The left-shift of word L by 
12 bits is performed by multiplying by 212. The right- shift is performed 
by dividing word L by zl2. 
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Function RAN(M) 

Function RAN is called by Subroutines GRID, AREA, and TROPIC to gen
er ate a r andom number between zero and one. 

The sLatement 

COMMON/RANO~IlAN 

is used to pass a number into this routine from which a number between zero 
and 0.9 will be generated . A new number is passed back into the common 
a r ea f or use when the random function is again call ed . 

The statements 

~; GtVEN A NUMBER IAN • GENERAT[ A RANDO~ NUM8ER B£T~EEN 0 AND 1 

c 
RANeURANllCIRN ) 
RETURN 

are used to call Function URAN31 to generate a random number from the number 
given in IRN and to return control to the calling subroutine when the random 
number has been determined. 
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Function URAN3l(I) 

Function URAN31 is called by Function RAN to perform the actual compu
tations of the generating of a r andom number between zero and 0.9. The 
argument is also revised. 

The statements 

t~C!)Z0•10•ZO 
10 t•l1111111 

are used to det ermine if the argument for Functions RAN and URAN31 has a 
val ue other than zero. If the argument is zero, the number 11111111 is 
assigned to the argument. 

The statements 

zo J•l 
J•J•zs 
J•J•(J/67l08864t•67lOB864 
J•J•zs 
J•J~(J/67101164t•61108864 
J•J•s 
J•J•CJI67lOII64t•67101864 
U•J 
I•J 
URAN3l•Al16110II64• 
A!TUAN 

a r e used to generate a random number from the number 11111111 if the function 
argument is zero; or from the value of the argument if it is other than zero. 
The resultant random number between zer o and 0.9 is assigned to the function 
name; at the same time a new value for the argument is assigned for future 
calls to the random function. 
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Subroutine CROSS(ANSWER,FIRST , SECOND) 

Subroutine CROSS can be called by Subroutine GENI, CALC, or ARS for the 

purpose of computing the coordinates of the resultant vecto r from the cross 

product of two vectors. 

The s t atement 

is used to dimension three three-element arrays for the coordinates of the 

two known vectors and the resultant cross-product vector. 

c_ 
C1 
c 

The statements 

COMPUTE CROSS PRODUCT aNSWER • 'IRST X SECOND 

ANSWEAClJ • 'IRST C2J•S!CONOll) • 'IASTCJ)•S£CON0(2) 
ANSW[RCzt • 'IR5TC3J•SECONDll) • 'IASTClJ•SECONOCJ) 
•NSW[AC3) • 'IRSTClJ•S!CONOlZJ • ,I.STCZJ•I!CONOC1 l 
A!TURN 

are used to compute the cross-product of two vectors whose coordinates are 

passed by arguments FIRST and SECOND; and to store the coordinates of the 

resultant vector in argument ANSWER for passing back to the calling program. 

The cross product of two vectors 7r and B is given by the expression 
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Function DOT(FIRST,SECOND) 

Function DOT is called by Subroutines GENI, CALC, ARS, TEC, and TOR for computing the resultant scalar quantit y f r om the dot product of vectors FIRST and SECOND. 

The statement 

DtM(NIJON 'tASTC)ltS£COND lJ ) 

is used to dimension two three-element arrays for the coordinates of the two vectors passed in the arguments. 

c_ 
~1 
c 

The statements 

DOT • 'lAST ! S!CONO 
DOT • 'JRSTC l l •lfCOHDClJ•'lASTCJ)•S~cONDCZl•~tRITCJ)•tfCONDCJ) R!TUAN 

are used to compute the dot product of two vectors whose coordinates are passed by function arguments FIRST and SECOND. The resultant scalar quantity is returned to the calling program via the function name. The dot product of two vectors A and B is given by the expression 

A·B = Ax·Bx + Ay·By + Az Bz 
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Subroutine UNIT(V) 

Subroutine UNIT is called by Subroutine GENI or Subroutine CALC to 

compute the direction cosines of a vector passed to this subroutine by 

argument V. The resultant coordinates are passed back to the calling 

program through argument V. 

The stat ement 

DIJI4ENS!ON VC31 

is used to dimension a three-element array for the coordinates of the vector 

passed to this subroutine. 

c_ 
C1 
(: 

The statements 

COMPUTE UNIT VICTOR tOJR(CTION C051N[S 0' V£Cl0A) 

T[HP • SQRTCOOTCV,VII 
VCtl•VIliiTEHP 
Vl21•VI211T£HP 
VC]I•Y(]I/T[MP 
A!lUAN 

are used to compute the scalar length of the vector by computing the square 

root of the vector dotted on itself. The length of each coordinate vector 

is divided by the scalar length of the vector, resulting in the direction 

cosines of the vector. These are returned to the calling progr am through 

argument V. The unit vector of a given vector A can be expressed mathemati

cally as 

= 
A. 

1 

VA· A 

where i is the x , y, or z coordinate. 

471 



TN 4565-3-71 Vol II 

Function XDIST(XA, XB) 

Function XDIST is called by Subroutines TRACK, CALC , TESTG, VOLUM, and DCOSP to compute the dist~nce be tween t wo points passed into t his routine through arguments XA and XB. This function subprogram comput es the distance by utilizing the standard distance formula 

c 
C\ 
c 

Distance 

The statements 

COMPUTE TH[ DISTANCE B[T~E[N TwO iiV!N POINTS lA ANU XB 
OJM[NStON XA(3),l8(J) 
XSUM•O• 

are used to dimension two three-element ar rays for the coordinates of the two points passed into this routine. Variable XSUM is then initialized to zer o. 
The statements 

oo 10 I•ltl 
XSUM•XSUM•ClACl)•XBCll)••z 

10 CONTtNU[ 

consist of a DO loop which is used to sum the dis t ance squared for each of the coordinates between the two points. 

The statements 

XOIST•SQRTCXSUMt 
@!!UAN 

are used to compute the square root of the summed distance squared which results in the distance between the two given points. The routine returns to the calling program . 
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Subroutine OCOSP(XA. XB ,WA) 

Subroutine DCOSP is called by Subrou tines CALC, TESTG, and VOLUM to com

pute the direction cosines from point XA to point XB. This is accomplished by 

calling Function XDIST to compute the scalar distance from point XA to XB ; and 

dividing each coordinate vector between the two points by the distance between 

the two points. 

The statement 

~; COMPUTE THE DIRECTION COSINES 'ROM ~OINT XA TO POINT X8 
C AND STOA[ OJA[CTION COSINES IN -A 
c 

is used to dimension three three-element arrays fo r the coordinates of the two 

points and the resultant direction cosines. 

The statement 

is used to call Function XDIST to compute the distance between the two given 

points passed to this subroutine. 

The statements 

on 10 1•1•3 
W4(1)•(X8(J)•••ci))I01S 

10 CONTINUE 
AU URN 

consis t of a DO loop which is used to divide each coordinate vector between the 

two points by the distance between the two points. The result is the direction 

cosines of the vector from point XA to point XB. In mathematical terms 

XB. - XA. - ~ ~ 
WA.j_ = -;::::::::~=~~ 

...j l)XAi - XBi)2 

where i represents the x, y, or z coordinate of the point. 
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Subroutine TROPIC(WP) 

Subroutine TROPIC is called by Subroutines GRID and AREA to calculate isotropic direction cosines. Each call to Subroutine TROPIC generates a different set of direction cosines. 

The statement 

~l G!N[AAT[ RANDOM DtA£CTtON cOSINIS 'RO~ AN lSOTAOPIC DlSTAlBUTtON c 
DI~!NS!ON WP Ul 

is used to dimension a three-element array for the coordinates of the generated random direction cosines. 

The statements 

10 Xl•AA~ C•tl 
xz•AAN. C•l) 
lCtS•Xt!•z 
lCZS•Xz••z 
T.XtS•xzs 
l"1eG!eleHIOTO 10 

are used to call func t ion RAN t o generate random numbers Xl and X2 and to compute the s um of the squares. A test is made to dete rmine if Xl2 + xzl ~ 1.0. If not, the statements are repeated until the expression is satisfied. 

The stat ements 

gj CONPUT! TH! SINE AND eOSIN[ 0' A MANDON ANGLE PHI 
c 

CSPHI•CXlS•XZS)/T 
SNPHl•CZe•Xt•X2l/T 

are used to compute the cosine of random angle ~ from the expression 

cos cp 

and to compute the s ine of random angle cp from the expression 
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The statements 

2. 0 ·Xl ·X2 

x12 + X2
2 

lq•RAU t•l) 
r,tx 1 .~E·•S)5NPHl••SNPHl 
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are used t o call Function RAN to compute a random number between zero and one 
and to set sin¢ negative if the random number was less than or equal to 0 . 5. 

The statements 

~' COMPUTE THE 51N[ AND COSlN[ Of A RANQOH ANG~E THETA 

c 
C!THT•2••AAN c•l)•\, 
SNTHT•SQAT(}o•C5THT••z l 

are used t o call Function RAN to compute a random number between zero and one, 
double it, and subtract one to arrive at the cosine of random angle e. The 
sine of e is computed from the expression 

~. 
c 

sin e = .J 1 - (cos e) 
2 

The statements 

COMPUTE AANCOM DIRECTION COSlNfS 

WP(l)•SNTHT•SNPHl 
wP(2J•SNT~T•CSPHI 
~PCll•CSTHT 
A [TURN 

are used to compute the x, y, and z coordinates of the random direction cosines 
and stor e them in three-element array WP via the following expressions: 

WP( l ) = sin e sin 4> 
WP(2) = sin 9 cos 4> 
\.JP(3) = cos e 

the program returns to the calling program with WP. 
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Function S(I,N) 

Function S is called by Subroutines RPPIN, RPP2 , and RPP for the pu~pose of retrieving the coordinate of any one of the six sides of a rectangular 
paralle lepiped (RPP) . Given argument I, the ordinal number of the RPP, and 
argument N, the side number of the RPP where N = 1, 2, 3 , 4, 5 , or 6 (Xmin, 
Xmax, Ymin, Ymax, Zmin, or Zmax respectively), the routine will compute the 
location in the ASTER array of the required coordinate and return with the 
value of the coordinate set equal to S. 

The statements 

Ol~ENST ON MASTER (} OOOOI 
CO~HON ASTERilOOOOl 
COMMON/GEOM/LBASEeAINtROUTeLAieLAOt~IN,tlfAAtDll! 
~QUJVAL[NC[CNlST!AeAST!RJ 

are used to dimension the MASTER array for 30 , 000 words, to make the data in 
the ASTER array available to this routine, to pass the value of pointer LBASE 
into this routine, and to s et the MASTER a rray equivalent to the ASTER array. 

The statements 

a; S RETRIEVES COORDINAT! OF ANY ONE O' THE 6 SloES 0, AN RPP ~ I IS TH[ APP NUMBER N JS TMf SUA,AC~ NUMBER e 
~•LBASE•lZ•Cl•l)•Z•CN•lJ 
LL•MUTEAlL.•ll 
S•ASTER lLL) 
A!TUAN 

are us ed to compute the location of the point er data for the given side of the 
given RPP and t o retrieve the poi nter from the next word since that is the loca
t ion o f the pointer to the coordi nate for the given side . Using this pointer, 
the coordinate is retrieved from the ASTER array and equat ed to S. The routine returns to the calling program. 
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Subroutine RPP2(LSURF , XP , IRP) 

Subroutine RPP2 is called by Subroutine Gl whenever an exit inter sect 
occurs with a surface of the RPP containing the tar get geometry . The purpose 
of the subr outine is to determine the number of the RPP (if any) t hat the ray 
is enter ing upon leaving the pr esent RPP . If no abutting RPP can be found, 
the rout ine returns a zero as the number of the abutting RPP. 

The statement 

E; ,IND NUM8£A 0, ABUTTING APP TO INTERSECTED S~RFAC! 
c 

DtM!NStON KPCl) 

is used to dimension a three-element array to contain the coordinates of the 
exit intersect point of the present RPP. 

The statements 

COMMON ASTER ( lOOn ol 
COMMON/PAR!M/X8C]ltWBCJitlA 
cOMMON/GE0M/LBA5E tR1N•ROUTtLA!tLA0tPJN,tt!ARtolST 
C0NNON/UNCG!M/NAPPeNTRIPtNSCALtN800YtNAMAXtLTAIPtLSCALtLRE80t 

l ~DATAtLRtN•LROTeL tO•LDCOA•llS•llO•~aODYtNAICtK~OOP 

are used to make the contents of the ASTER array available to this routine and 
to pass the RPP number and the beginning location of the RPP data into this 
r outine . 

c 

The statements 

LOC•LBAS£•12•CNASc•l l •Z•CLSUA,•ll 
CALL UNZCLOCtLOCATtNCI 

are used to compute the location of the pointer data for the surface number of 
the RPP that the ray is exiting; and to unpack the number of abu tting RPP' s to 
that surface and the pointer to the location in the MASTER array of the list of 
abutting RPP ' s. 

The statements 
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l 0 t RP•o 
A! TURN 

are used to determine if there are no abutting RPP's, only one abutting RPP, or more than one abutting RPP to the intersected surface of the RPP. If there are no abutting RPP's, argument IRP is set to zero, and control is returned to Subroutine Gl. 

The statements 

lO CALL UN2CLOCATt iAPtOU~t 
AITUAN 

are executed if there is only one abutting RPP to the intersected surface. These statements therefore unpack the abutting RPP from its location in the abutting RPP section and r e turn control to Subroutine Gl with argument IRP set to the number of the abutting RPP. 

The statement 

is executed if there is more than one abutting RPP to the intersected surface. Variable M is set to one and is subsequently used to determine which of two abutting RPP's in a packed word is to be tested. 

e 

The statements 

0 0 90 l•ltNC ...... 
are used to begin a DO loop which will test each abutting RPP to the intersected surface to determine which abutting RPP the ray is entering . Variable M is set to a negative one whenever DO loop index I is odd; M is set to a positive one when index I is even. For negative M, the left abutting RPP in the packed word is tested. For positi ve M, the right abutting RPP in the packed word is tested. 

The statement 
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is used to test variable M to determine which RPP in the packed abutting RPP 
wo r d is to be tested. 

The statements 

CALL UNZ(L0CATtilt1Zl 
LOCAT•LOCAT• l 
IAP•Il 
GnTo Yo 

executed if M is negative, are used to retrieve the next packed abutting RPP 
word . The left abutting RPP in the packed word is equated to argument IRP, 
and the program branches to determine if the RPP is an abutting RPP. LOCAT is 
indexed to the next abutting RPP word for unpacking when needed. 

The statement 

executed when M is positive, is used to set the right abutting RPP in the 
packed word equal to argument IRP for subsequent testing. 

The statement 

is used to compute a control variable based on the intersected surface number 
in order to insure that identically numbered sides of the intersected RPP and 
the potential abutting RPP are never compared since these boundaries would 
never be together. 

The statements 

oo eo J•l•l 
t,<J.[Q.~SJ~OTO ao 
J''IS(tAP•z•J•t i•XP(Jl l •ClP CJI•SliAP,z•Jl).LT,o, toOTO 9u 

80 CONTINUE 
R!TUAN 
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consist of a DO loop which is used to determine if the intersect occurs within 
the boundaries of the potential abutting RPP by evaluating, assuming an inter
sect on an X plane, 

Ymin < Yc < Ymax 
Zmin < Zc < Zmax 

where Yc and Zc are the y-z coordinates of the intersect and Ymin, Ymax , Zmin, 
and Zmax are the bounding plane coordinates of the potential abutting RPP. 

e 
e 

The statements 

9ft COIIITIIIIU( 
tRP•O 
q!TUAN 
~NO 

ar e used to continue to the next potential abutting RPP if the intersect did 
not occur within the boundaries of the present potential RPP. If the intersect 
occurs on the face of an RPP that has no abutting RPP, IRP is set to zero, and 
control is returned to Subroutine Gl . 
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Subroutine VOLUM 

Subroutine VOLUM is called by the MAIN program if the option variable 
for calling this subroutine is set to one. The purpose of this routine is 
to compute the volumes of each region within a given imaginary box, where 
the box is defined as in Figure 73. 

Nl 

DT 

xo 
N2 

XY Nl number of vertical cells 

N2 number of horizontal cells 

XV lower right corner of box front 

XT upper right corner of box front 

XO lower left corner of box front 

XA lower right corner of box end 

DT vertical dimension of cell 

DOD horizontal dimension of cell 

XVDIS distance from front to back of box 

FIG. 73. Volume Geometry 

Rays are traced from the lower right corner of each cell from the front to 
the back of the box and the distances through each region are stored in an 
array. When all rays have been traced and the total distance through each 
region accumulated, the volumes are computed from the region distances and 
the cell dimensions. 
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The statement 

~j CO"'UT! VOLUMES BY AE8tON IN VOL~ME OE,IN!O BY lOX e 
OJMENSjON VAST!AC1000JtWAIC)),WTI(l),W08CJJ,OI'tl), 

1 .V(J)tXT(J)tXA())eiO J)tlPl)l•lT[MP(J) 

is used to dimension arrays for use by this subroutine. 

The statements 

CO~~ON 4STERI10000I 
COMMON/PAR!M/l8(J)tWBC]JeiR 
C0MMON/0[0M/L8AS!eAINeAOUTtLAitL~O,PlN'tllARtOII! 
COMMON/UNC8!M/NAPPtNTAJPeNICALeNBOOY,NAMAXtLTAIPeLICALtLA[Q0, 

l LOATAtLRI~tLAOTtLIOtLOCDA•l&s•IJo•L&OOYtNASctKLOO~ 
COMNON/~ALT/LIRFO,NGl!AA 

are used to pass information into and out of this subroutine. 

e 

The statements 

90l ,OAMATc3£20o8) 
90t ,ORMATC2£20al) 
903 ,ORMATCtHO•lOl•6HVEATEitl4lt6HTO'eP!tl4lt6H80TaPT,l41t7HSJOE•PT) 
904 ,ORMATC4[20ol) 
905 'O~MATClMOa IX•1ZHDELTA ON TOPeEZOaltlOltlOHSID[ OELTAtEZO•IJ 
906 ,OAMAT(211GJ 
908 FORMAT(lHOt 2Xtl8HSTARTING REGION llelSJ 
909 'ORMATC1HOt16HVASTER OVEAWRlTEt!lt6HNRMAX•tl5J 
91§ 'ORMATJllOeE20a8J 
911 FORMATClHOt8HBAD CARO/IlOtE20•8•l4H NOT PAOCESSIO) 
9lz ,ORMATCllOt!20t8t!lt!ZOelt5lt£9, 2J 
9ll 'OR"ATC1HOt!HSUMY•eSlt[20e8) 

are used to format data for input and output. 

c 

The statements 

R!AO (Se906JlAtNil[AA 
f'CNG)[AR.L!eOJNGi[RA•2S 

are used to enter the region number of starting point XV and to enter the 
allowable number of Subroutine Gl errors. If the number of allowable 
errors entered is less than or equal to zero. the allowable errors in 
Subroutine Gl are set to 25. 
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e~ [NT[A cooAD!NAT'-' o, sox 
c 

~' 
c 

ROO (5 ,901) CXVCII el•l.l> 
R!AO «!•901) I.Cl U. •l•l•J) 
A!AD C!t90l)CXOCI>•l•1•l> 
R!AD C! t90 l)CXACI••t•l•l> 

[NT[A C!LL SU[ 

R!AO CS,902tDOD,OT 
WRITE C6•90ll 
WRIT[ C6t90.)CXVCJ)tXT(J)eX0(J)tXA(J)tJ•l•J) 
WRIT[ C6t90!)000tDT -
IIRIT[ C6t908) tA 
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are used to enter and print out the coordinates of the four corners that 

define the box; to enter and print out the cell dimensions; and to print 

out the starting region number . 

The statement 

is used to determine if the number of regions used to describe the target 

geometry is excessive relative to the array size used in this subroutine. 

If it is, an error message with the number of regions is printed out. 

The statements 

CALL OCOSPCXVtXTtWT~I 
CALL o~osPcxv.xo.woal 
CALL ccOSPCXVtlAtWAB) 

are used to compute the direction cosines of the vectors f rom the vertex 

point to each of the three other points of the box. 
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The stat ement 

is used to compute t he length of the box from front to back by the use 
of Function XDIST. 

The statements 

T!STO~•O• 
TUTc5Yiio. 
XT!"'P Ci ) •o • 
DO 10 J·•l•~AMAX 
VlSf!A tIl •o• 

10 CONTINU[ 

are used to zero subr outine variables and the array for storing the dis
tances through the regions . 

The statements 

are used to save the starting region number for later use in the subroutine. 

The statements 

c C• COMPUT! NUMBER or HORlZONTA~ AND V£~TICA~ CE~LS c 
~2•XDISTCXV,X0)/00Dtle 
Nl•KotSTCXVeXT )/OT•l• 

are used to compute the number of horizontal and vertical cells from the 
dimensions of the cell and the size of the front plane of the box. 
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The s ta t ement 

c 
C~ TRACE RAYS 'ROM LOW!R AlGHT COAN~A o, !AC~ C~LL 
c 

DO 300 J•ltNZ 

is used to begin a DO loop which will 
corner of each cell to the end of t he 
t he rays travel t hrough each region. 
of cells on the face of the box. 

The statements 

DO 100 1•1•3 
OSP C 1) •WTB C IJ •DT 
xecu•xv cu 
we c u •was c u 

100 eONTINU! 

trace a ray from the l ower right 
box, accumula ting di s tances that 
This DO statement indexes col umns 

consist of a DO loop which is used to compute the vector f r om the present 
origin to the next origin in the current column from where the next ray 
is to be traced. The coordinates of the origin and the direction cosines 
of the current ray are then assigned . 

The statements 

are used t o i nitialize variable Sl, t he distance to the next region , and 
to initialize to the region number of the origin of the current ray . 

The statements 

c 
C6 TRACE ALL RAYS rRO~ COLUMN 0' CELLS 
e 

00 200 t•l,Nl 
NASC••i 

are used t o begin a DO loop for tracing each ray from each cell in the 
pr esent column of cells . For each new ray , NASC is set to a - 1 to indi
cate to Subroutine Gl that a new ray is to be traced . 
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The statements 

c_ 
Cl TAAC[ RAY THROUGH BOX VIA SUBAOUTlN~ 01 c 

llG CALL OiCSl,IAPAIH, ~P) 
t'Cl[AR.OEeNGl[RA ) OOTO 400 
VaST[RCIA)•VAST[ACIA)•St 
l' C DlSTeOE.~VOISIGOTO \1! 
f' IIAPAIN•L!•OtOOTO liO 
tR•tAPAIH 
onro 1i o 

are used to call Subroutine Gl to trace the gi·Jen rdy to the end of the oox. 
Subroutine Gl returns when a new region has b~~n encountered and the 
number of errors that occurred in Subroutine Gl is compared to the allow
able limit. If the allowable number of errors was exceeded, the program 
is terminated. If the allowable error limit was not exceeded, the distance 
through the given region is added to the previous distance that the ray(s) 
has travelled through the region. A test is made to determine if the new 
region was encountered beyond the end of the box. If so, the routine 
branches to subtract that distance beyond the end of the box. A test is 
made to determine if the new region is an RPP boundary; if so, the ray is 
terminated. If the new region was encountered before the end of the box, 
the present region is updated to the new region, and the program branches 
to call Subroutine Gl again to continue the ray. 

The statement 

which is executed when the new region encountered lies beyond the end of 
the box, is used to subtract that portion of the distance beyond the end 
of the box. 

The statements 

120 ~T£~P i t i ••Btl) 
XT[HP1z )•Wa(2) 
XT!MP C31•WB(J) 
tR•JlA 

are used to save the ray direction cosines and to initialize to the start
ing region number of the present ray. 
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T~STON•TESTON•OT 

I'CT!STON.OTeDeJGOTO 110 

TN 4565-3-71 Vol II 

are used to determine if the origin of the next ray in the current column 

is in the same region as the origin of the ray just completed. 

The statements 

W&CtJ•WT8Ctl 
WBC2 J•WTBC2) 
WS(J)•WTBCl) 
NUC••1 

are used to assign direc tion cosines of the vec tor from point XV to XT , 

and to initialize for a new ray to determine the region number of the next 

origin. 

The statements 

c 
Ca D!T! RMIN[ REGION OF N[XT OAlllN 0' RAY IN COLUMN 

c 
CALL GtC Sl.IRPAIM. XP) 
l'ti[~A.G[eNG}!AA IOOTO ~00 

I'C5t•OT>tlO•l60• i70 

are used to call Subroutine Gl to find the distance to the next region in 

the direc tion of the next origin. If an excessive number of errors did 

not occur in Subroutine Gl, the distance to the next region is compared 

with the distance to the next origin. 

The statements 

UO IA•tRPRIM 
JtA•tA 
CALL GtCSttiAPAlMtXP) 
l'ti!R~.G[.NG}[AR I GOTO 400 
l'tDIST•DTJ140•l60•lTO 
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are executed if the distance to the next origin is greater than the distance 
t o the next region. These statements update to the new region number and 
save i t in case the next origin is in that region. If an excessive number 
of errors did not occur in Subroutine Gl , the dist ance to the next region 
is compared with the distance to the next origin to determine if the 
origin is in the new region returned by Subroutine Gl. 

The statements 

14q l'l tRPAl"tlSO •IlO • llO 
1!0 STOP 

are executed if the distance to the next origin is again greater than the 
distance to the next region. If this next region number is negative, the 
program stops because this is an error. If the region number is zero, 
the RPP enclosing the target geometry has been intersected and the pro
gram br anches to index to the next column of cells. If the r egion number 
is positive, the program branches to find the next region where the origin 
could be located. 

The statements 

16G tA• IAPAlM 
JIAeJA 

are executed if the next origin and a new region occur simultaneously. 
These statements update to the new region and store it in a save area 
for later use. 

The statement 

which is executed if the distance to the next region is great er than the 
distance to the next origin, is used in the program to determine if 
succeeding ray origins are in the same region. 
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The statements 

~iO S~l'T OP18JN 0' PAY TO NtlT CtLL lN COLUMN 

c 
180 DO 190 Jl•ltl 

WBCJJ)•XT(MPCJJ) 
XBCJI)eXBCJJ)•DSP CJil 

190 ~ONTtNU[ 
200 CONTlNU[ 

TN 4565-3-71 Vol II 

consist of a DO loop which is used to compute the coordinates of the origin 

of the next ray and to restore the original direction cosines of the ray. 

The program then loops to trace ~he next ray. 

The statement 

is used to set NASC to a -1 to indicate to Subroutine Gl that a new ray is 

to be traced . This statement is executed when all of the rays in one 

column have been traced, and the rays in the next column are now to be 

traced. 

The statements 

00 zzo t•t•l 
.. 8 (l, • .,09 (I, 
XB (J) • XV f () 

220 CONTINU[ 

consist of a DO loop which is used to assign the direction cosines and 

origin of a ray to be traced from the first origin of the current column 

to the first origin of the next column. 
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The statements 

JtR•IAJ 
!A•JlA 
T!STDN•o• 
T!STOV•T£STOV•OOD 
l'CTf5TOVIZlOt,)Ot280 

are used to initialize to the region number of the first origin of the 
current column. TESTON is initialized to zero for later use in determining 
the regions of the origins of the next column. The distance to the next region in the direction of the first origin of the next column is computed to determine if the first origin of the next column is in the same region 
as the first origin of the current column. 

The statements 

~;z Ott!AMINE R[GlON O' 'lAST ORIGIN 0' NtlT COLU~N c 
ZlO CALL GlCSltiRPAIM ,XPl 

t'(J[AAoG[ .NGl[AA )OOTO 400 
l'tll•00Dlz•O•l60•270 

are executed if the region number of the first origin of the next column is not known. These statements are used to compute the distance to the 
next region in the direction of the first origin of the next column by calling Subroutine Gl. This distance is compared with the distance 
between the columns after checking for more-than-allowable errors . 

The statements 

IA•JAPAIM 
tAJ•IR 
CALL G1151e!RPRIMtXP) 
I'(I[AA.GfoNGl[AA)OOTO •oo 
t'CDIST•DDOI250•260•210 

are executed if the distance to the first origin of the next column is 
greater than the distance to the next region. These statements update to the new region number and save it in case the origin is in this region. Subroutine Gl is again called to determine the distance to the following region; Subroutine Gl compares the total distance with the distance to the origin, after checking for more-than- allowable errors. 
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The s tatements 

2 5 0 tFt1RP R1Ml Z55 •4 00 • 230 
25S STOP 
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are executed if the distance to the first origin of the next column is again 

greater than the distance to the next region. If this next region number 

is negative, the program stops since this is an error. If the region number 

is zero, the RPP enclosing the target geometry has been intersected, and 

the program branches to index to the next column. If the region number is 

positive, the program branches to find another region where the next origin 

coul d be located. 

The statements 

260 JR•IAPAlM 
tAJ•tA 

are executed if the first origin of the next column and an intersect with 

a new region occur simultaneously . These statements update to the new 

region and save it for later use. 

The statement 

270 T[STOV•S l 

which is executed if the distance to the next region is greater than the 

distance to the next origin, is used in the program to determine if suc

ceeding ray origins are in the same region as previous ray origins. 

c 

The statements 

280 DO 290 I•l•l 
XA(ll•XAfll•WOBCti•OOO 
XV<Il•XVCI)•WOBCt)•OOD 
XT CII•XT(Il+WO&fil•OOD 

290 CONTlNU[ 

consist of a DO loop which is used to shift the vertex, top point and the 

box end point to the next column of cells. 
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The statements 

JIR•IA 
JOO CONTINUE 

are used to save the region number of the first or igi n of t he new column and to br anch to t r ace the rays of the new column. 

The stat ement s 

~l4 ALL RAY OlSlANC!S T~AOU8H [ACH ~GION IN 80X aCCUMULATlD c 
400 A!AO C!,910)1Al,VA 

t~ C I(AA.G[.N01[AA)GOTO IOO 
I~IIAteL!•O,IAl•NAHAX• i 
SUMV•O• 

a r e executed when all rays have been traced; when more than the allowabl e limit of errors occurred in Subroutine Gl; or when the front plane of the box intersec t s an RPP boundary. These statements are used to enter a region number and its pre-computed volume. The Subroutine Gl error counter is compared with the allowable limit of errors; i f more than the allowable limit of er r ors occurred, the program branches to return control to the MAIN program. If less than the number of allowable error s occurred in Subroutine Gl, and no region number was entered, the region number is equated to one greater than the number of regions in the target geometry . SUMV, the variable for summing the total volume of all regions within the box , is also set to zero. 

The statement 

~i! COMPUTE VOLUMf 0, EACH AEOJON IN BOX c 

is used to begin a DO loop which will compute and print out the volume of each region encountered within the volume of the box and to compute the percent error with the pre- computed volumes if the pre- computed 
volume was entered . 
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The statement 

is used to compute the volume of each region within the volume of the box . 

The statement 

is used to determine if the current region of the DO loop has a pre

computed volume entered for computing percent error . 

The statements 

410 WAIT( (6•9iO)ItVASTEAfJI 
onTo ••o 

are used to write out the region number and the computed volume of the 

region if the entered region number is greater than the current region 

number of the DO loop . 

The statements 

420 WAtT! (6t9ll)lA1tVA 
A!AO l'•9lO)lAltVA 
OOTO 410 

are executed if the region number of the DO loop is greater than the last 

region number entered. These statements are used to print out the entered 

region number and pre-computed volume and to enter the next card with 

region number and pre-computed volume. 

The statements 

c 
C16 COMPUTE PERC£NT ERROR 'OR PRl•COMPU!!O VO~UM£ OF GJ~[N ~!GJON 

e 
430 XPEAC•lOO.•tVA$T[A(I)/YR•lef 

WAITE C6t912)1tVASTEA(!JeVRtlP!AC 
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VaST!Atll•VR 
A!AO C!ttlGllRl,VR 

are executed when the entered ~egion is equal to the region number of the 
DO loop. These statements are used to compute the percent error between 
the computed volume and the pre-computed volume of the current region. 
The region number, computed volume, pre-computed volume, and percent error 
are printed, and the next region number with pr e-computed volume is 
entered. 

The statements 

giT COMPUTE TOTAL VO~UM! 0' ALL A[GlONS WITHIN IOl 
e 

440 SUMV•!UMV•VAIT!A(Il 
4~0 CONTINUE 

are used to accumulate the total volume of the regions considered and to 
transfer to consider the next region. 

c 
c 

The statements 

WRIT! C6t9tJJIUMV 
!oo t!AA•o 

R[TUAN 
[NO 

are used to print out the total of the volume of all of the regions 
encountered within the box. The Subroutine Gl error counter is set to 
zero, and this subroutine returns control to the MAIN program. 
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Subroutine AREA 

Subroutine AREA is cal l ed by the MAIN program if the option variable for 

calling this subroutine is set to one . The purpose of this subroutine is to 

compute the presented area of an object or target as viewed from any azimuth 

and elevation angle. 

The statement 

is used to dimension a rrays for use in this subroutine. 

The statements 

COMMON ASTE~ ClOOOOl 
C0MMON/PARfM/X8(JitW81JitlR 
COMMON/OEOM/LBAS[tRIN,ROUTtLAitL~O•PlN'•lfRA,DlST 

CONMON/UNCO!M/NRPPeNTRIPeN5CALtN80DYeNAMAXtLTRlPtL5CALtLA!QOe 

l LOATAtLAJNtLAOTtLlOtL0COAtl15'llO'L800Y•~A5teKLOOP 
CONNON/CAL/NlAeSLOStANOLEtNTYP!tSS,AtleLeXSl])e•ScJ)t 

1 TRAVELeSNtVtHtiVIH 
cONNONIWALT/LlA,OtNGtEAA 
cOHMON/CELLIC!LSlZ 
C0MMON/ENG[OM/LE0[0M 

are used to pass information into and out of this subroutine. 

c 

The statements 

toi FORMATC7llOt6XtZA2) 
902 FOAMATC6El2•5l 
908 'ORMATCtH0•2ZHMENOAY OVEA~AP IN A~EAt!Xt7MLEG[ON~tl6t 

1 sX•6HLAREA 8 •I&•sX•6HLIR,O•tl6) 
909 ' ''RMAT (1HOe13HERROA lN AA!:AtSXe9HlC00E • O) 
910 ,~AHATC1HOt8HAZlMUTH••F10•l•5Xt10H[LEVATION••Fl0!3l 
9tl 'nAHATC1HOtl2HCELL SIZE lS•'••l•llelHltF••ltlXtAZtlHttlOX• 

1 12HAA[A5 lN SQ••l l•AZtlH•) 
912 FOAHATCtHOt~HIC00[tl9~t.HAAEA/I 

913 'OAMATCl5•t5XtFlZ.SI 
9i• 'OAMATllHO•l!HPA[S£NTED AAEA••Fl2•5) 
91! ,OAMATJlHOot8HNUM8ER OF CELLS tStl5•tOXt 

1 l2HNUMaEA 0' CELLS HIT IStiS) 

are used to format data fo r inpu t and output and to format output messages. 
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The statements 

c 
DATA HMlNtMM,TtHMCMeHHMitHH8112HlNt2H,TtZHC"tZHM t2H I TYP[UNCti•HHIN . 
TYPt:UNCz)•HHFl 
TVP(UNCJI•HHC~ 
TYP!UNC41•HH"8 

are used to enter Hollerith constants data. These constants, which are codes for inches, feet, centimeters, and meters, are equated to the four elements of array TYPEUN. 

The statements 

CONVAT Cl•l) •l• 
CONVATilt21•e006944444444444 
C0NVATCltl)•6•4516Z5806 
CONVATilt41••0006451625106 
C0NVATCZtll•l44e 
CtiNVRTCZt21•1• 
CONVATI2tli•9Z9e0341161 
eoNVRTC2t41•e09290l4ll6l 
CONVRTCltll••lS499969 
CONVATiltZI••001076JI6Tl6 
CO,.VATIJ•JI•l• 
CONVATC]t4l•e0001 
C0NVRTC4tll•l549t9969 
CONVATI4t2)*10t76J6736 
cnNvRTC4•J>•toooo . 
cONVRTC4t4l*l• 

are used to assign constants for converting the area from one unit of measurement to another . The constants for array CONVRT are used for converting an area as follows: 

CONVRT ( 1 , 1) square inches to square inches 
CONVRT(1, 2) square inches to square feet 
CONVRT( 1, 3) square inches to square centimeters 
CONVRT(1, 4) square inches to square meters 
CONVRT(2,1) square f eet to square inches 
CONVRT(2, 2) square feet to square feet 
CONVRT(2,3) square feet to square centimeters 
CONVRT(2 , 4) square feet to square meters 
CONVRT (3 , 1) square centimeters to square inches 
CONVRT(3,2) square centimeters to square feet 
CONVRT(3,3) square centimeters to square centimeters 
CONVRT( 3, 4) square centimeter s to square meters 
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CONVRT( 4, 1) square meters to square inches 
CONVRT( 4, 2) square meters to square feet 
CONVRT( 4, 3) square meter s to square centimeters 
CONVRT ( 4, 4) square meters to square meters 

The statement 

is used to equate two Hollerith blanks to variable BLANK for determining if 
there are blanks in card input fields. 

The statements 

c_ 
C1 COMPUl! AND lNITIALIZ£ AR[A FOR SJORtNO PRESENTED AREA 
~ By COMPON!NT COO[ 
c 

LAR!A•LIRFO.lOOO 
I'CLAREAeOE.L!OEOM)QOTO 10 

are used to compute a starting location in the ASTER array for storing the 
presented area of t he target by component code (1-999) . The locat ion is com
puted to be 1000 words before location LIRFO, the storage area for the 
identification code and component code data. A test is made to verify that 
this new storage area does not overlap the end of the target geometry data. 

The statements 

~RITE (6•9o&)lfGEOMelAAEAeLIR'O 
STOP 

ar e executed if the new storage area overlaps the end of the target geometry 
data in the ASTER array. These statements cause an error message to be printed 
out with the pertinent sub r outine variables and to terminate the program. 

The statements 

10 LAR[Al•LIR,0•1 
00 20 L•LAA£AtLAA[Al 
A!T[RtL)•o • 

zo CONTINUE 

are used to compute the last word of the array for storing the presented area 
of the target by component code and to zero the entire array with the DO loop. 
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The stat ements 

c 
ej READ GRID INPUT PARAMETERS. 
c 

READ C5 1 9 0 l ) N~,NY,lRSTRT ,lENC,N&ll~A,NSTARltNIND,t~LLU~ ,AREAUN 
R!AD C !e90Z)A•EtENGTHeZSH!,TeQRO~NO 
READ C! •toziXSHI,T• YSHt,TttfLSlZ 

a r e used to enter the grid input parame t ers. 

The statements 

c 
Cl tNIT IALIZE PARAMETERS NOT SET BY lN~UT 
c 

I'CIASTAT eLE,OJIASTRT•l 
t'CCELSIZ tlEeOeJC!LSIZ•4• 
l FCNSTAAT oL!tO)NSTAAT•l 
I'INGl!AAeL! •oiNGl!AR•zs 
I'CAAEAUN,[Q,BLANK)AREAUN•HHlN 
t' ICELLUN. [Q•8lANK)C£LLUN•HHIN 

are used to determine or initialize t he starting region number~ t he cell 
size, the cell number from which r ay tracing is to begin, the l imit of 
allowable errors that can occur in Subroutine Gl, the measurement uni t s 
for expressing the area, and the measurement units of t he cel l. 

The statements 

00 30 1•1·• 
l'CC!LLUN,EQeTYPEUNC1))00TO •o 

10 CnNTINUE 
40 DO 50 J•l•4 

J,CAREAUNeEQ eTYPEUNCJ) )QOTO 60 
50 CONTI~U[ . 
60 AREAC•CELStZ•CllStZ•CONVAT tltJ) 

are used to determine the measurement units of the cell and the desired 
measurement units to describe the area. The area of the cel l is computed 
and converted to the selected measurement units (inches2. feet2, centimet ers2, 
or meters2). 
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c 

The statements 

AADt~N•eOl1413f92!199~~ 
AA•A*RADUN 
!A•!•RaDUN 
Sa•SlNCAR) 
CUCOS U R) 
SE•SlN lER I 
CI•COSC[R I 
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are used to compute the sine and cosine of the azimuth and elevation angles 
from the azimuth and elevation angles that were en tered in degrees. 

The statements 

are used to compute the number of cells in the grid plane and to initialize 
the number of hits counter, NHITS, to zero. 

The statement 

c 

is used to begin a DO loop which will construct a grid plane, fire a ray 
from each cell in the grid plane, and compute and store the presented ar ea 
by component code when the ray intersects the target. 

The statements 

.-8lti••CE•C
WB(zi••C!*SA 
W9 (3 l._SE 

are used to compute the direction cosines for the ray normal to the grid 
plane and directed toward the target geometry. 
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The statements 

COHPUT[ ROW AND COLUMN NUMB[A 0, lAID ClL~ 

tt•ICKM•lJtNXJ•l 
J•KK• t 1 1•1) •NX 

are used to compute the row and column of a specific grid square from which the ray is to be fi r ed toward the target geometry. 

e 

The statements 

C!LL2•.!•C£LSIZ 
V•,L0ATIINYIZ)•Jli.C£lSlZ •CELLi 
VA[,•V•C£LL2 
~•,LOATCCNXIz)• JJecfLSlZ •CELLI 
.. ~f,•H•C£LL2 

are used to locate the lower left corner of the grid square. V represents the vertical distance from the center of the grid plane and H represents the horizontal dis tance. VREF and HREF r efer to the center of the current grid square . 

The statement s 

tV•RANC•tl*lO• 
IH•AANC~ l l•to. 
JVIH•Jcr•JH•lY 

are used to compute two random numbers between zero and nine. 

c_ 
~'7 
c 

The statements 

cOMPUT! RANDOM POINT ~lTHlN lAID CE~L 

v•V•CfLSIZ •'LOATclY)tlOe•CELSlZ 120. 
H•H•cE&.SIZ •'LOATCIHitto••CELSlZ lzo. 

are used to l ocate one random point out of a possible 100 random points within the current grid cell. 
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e 

The stat ements 

XBSCli•XSHI,T•V~CA•SE•H•SA 
XgSCzi•YSHI,T•V•s,•SE•H•Cl 
KBSCli•ZSHI,T+V.Cf 

TN 4565- 3-71 Vol II 

are used to transform the point within the current grid cell to the coordi

nate system of the target and, at the same time, to effectively move the grid 

plane and target system coordinate origins to a new location specified by the 

variables XSHIFT, YSHIFT, and ZSHIFT. 

The statement 

CALL TAOPicCWP) 

is used t o call Subroutine TROPIC which generates random direction cosines 

from an isotropic distribution. 

The statements 

XBSCti•XBSCtt•WPCll~l•0£•4 
xesczJexesczi•WPCz l •t.o£•4 
X8SC31•X8$(J)•WPCJ)*l•OE•• 

are used to move the point wi thin the current grid cell by a very small 

amount in a random direction. 

The statements 

c 
~~ CONVfAT GAJO PLAN£ C00A0JNAT£S TO C00AOINAT£S 0, TAAG[T 

c 
X8Cli•XBSCli•ENGT~•wBC1) 

XBCZI•XBSC!I•[NGTH~WB12) 

X8Cl)•X8S(J)•[NOTH•WBC3l 

are used to back the point out of the target by an amount ENGTH, which was 

entered with the input data . The ray will originate from this point and 

pass through the position of the point before it was moved to its present 

position. 

The statement 

is used to determine the position of the origin of the ray . If the origin 

occurs below ground level, the r ay will not be fired, and the program 

branches to compute the origin of the next ray. 
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The statements 

c 
~9 TRAC[ RAY TO ,lAST TAAG[T CO~POHJ"T MIT 
c 

tR•IRSTRT 
NASC• • i 

110 CALL GtlSl tiAPRl~tXP. 

are used to initialize the region identifier to the starting region of the 
ray and to initialize the variable NASC to -1 to indicate to Subroutine Gl 
that a new ray is being fired. Subrout ine Gl is called to move the point 
on the ray to the next region. 

The statements 

l ' l l[AR , Q[,NGl[AAtA[TURN 
l'liAPAI~.LTe0)00TO ZOO 
I,(NASC aL[ o NAPP)JAPAl ~•O 
t' CIAPAIMt f Q,OJOOTO ZOO 

are used to determine if more than the allowable number of errors occurred 
i n Subroutine Gl. If not, further tests are made to determine if an RPP 
boundary has been intersec ted. If the intersect occurs at an RPP boundary, 
the ray has missed the target and the program branches to process the next 
ray. 

The statements 

LOC•LlAFO• t RPAIM•t 
CALL UNzCLOCtiCODE • l O[ NTt 

are used to locate and unpack the identification code and the component 
code from the ASTER array for the region returned by Subroutine Gl. 

The statements 

ID[NT•lO[NT• l 
J'l l OENT•liDENT/ tot• lo •fQ,oJGOTO 120 
IR•tRPRIM 
onTo 110 

are used to determine if the material of the intersected region is part of 
the target. If not, the region number is updated, and control is returned 
to again call Subroutine Gl to return the next region encountered along 
the ray. One is subtracted from variable IDENT, since a one was added 
before I DENT was packed to prevent packing a negative number. 

502 



The statements 

120 l'ttCOO£o~E.O)GOTO llO 
WRITE (6t909t 
onTo 200 
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are used to test the component code if the identification code test revealed 

that the target was intersected. If the component code is zero, an error 

message is printed out, and the program continues to process the next ray. 

130 

The statements 

LnC•LAA!A•ICODE•l 
a!TERIL0C)•AST[AlL0C)•AR!AC 

N~tT•NHlT•l 
C0NT1NUE 

are executed if both the identification code and component code agree that 

the target has been hit by the current ray. These statements compute a 

storage location in the ASTER array and add the presented area of the target 

indexed by the component code of the material hit . The number of hits 

counter is incremented by one for the current ray, and the program branches 

to process the next ray. 

The statements 

c 
~\0 PRINT RESULTS 
e 

wRITE 16,910> AtE 
WRIT~ !6t9tl>CELSJZ• CE LStZ• CELLUNtAREAU~ 

wRITE !6•9\2) 
SIJ"'A•O• 

are executed when all of the rays of the grid have been processed. These 

statements are used to print out the azimuth and elevation angles of the 

grid plane, the dimensions of the cells, and the measurement units of the 

cell and of the computed areas. Column headings for printout of the pre

sented areas by component codes are printed out, and the storage location 

for summing all of the presented area is initialized to zero. 
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The statements 

on zso 1•1 •999 
t.OC•t.ARU+I•l 
l'(&ST[AC~OC l .EQ•o•lGO TO 250 
WRITE C6t9}JiltASTEACt.OCI 
SUMA•SU~A•&STERCt.OCI 

Z5G CONTINUE 

consist of a DO loop which is used t o i ndex each of t he e l ements i n the ar r ay for storing presented areas by componen t code (1-999). If there is no presented area for a given component code, the loop indexes to the next component code location. If there is a presented area for a given component code, the component code and its presented area a r e printed out . The presented a rea is added to location SUMA to obtain a t otal presented area. 

c 
c 

The statements 

WRITE C6•9l41SU"A 
WRITE C &•qtsl ~L•NHIT 
R!TUAN 
END 

are executed when all of the presented areas by component code have been printed out and al l of the presented areas have been summed . These statements pr int out the t otal presented area , the number of rays, and the number of rays that hit the tar get: and return control to the MAIN progr am. 
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Subr out i ne TESTG 

Subroutine TESTG is cal led by the MAIN program if the option variable 

for cal ling Subroutine TESTG is set to one. The purpose of this routine is 

to trace a given number of rays between different sets of two points when 

given the coordinates and the region number of the points. Out puts of this 

routine consist primarily of leaving region, enter i ng region, distance the 

ray has t r avelled into a region, coordinates of the point on the r ay, and 

total distance the ray has travelled. 

The statement 

c 
c; TRACE A RAY 9[TWEEN T~O GlYEN POINT& XB TO XB' 

c 
DIMENSION XP(JitXBrl31 

is used to dimension two three-element arrays for the coordinates of the 

beginning and ending points . 

The statements 

are used to pass infor mation i n to and out of this subr outine via COMMON 

statements. 

c 

The statements 

901 'ORMAT(2110) 
902 ,nANlT11HOtZ2HNUM8E~ 0' SPECll~ RAY~tlSI 
~Ol 'ORMAT CJElSeTt311S) 
904 'nAMAT ClHOeSHSTARTt5 Xt4H XB•tJ£15•T•8H IASTRT•tlS / 

1 4H [N0tT~t4HX9F••lEl5tTt8H lRFlN••ISI 
905 ,nRMATClHOt]HWB•tJE15•T•SXt6HAANGE••El5•7l 
906 FnRMATClHOt8XtzH1Rt4Xt6HlAPAlMtlZXt2HS1tlJltZHlPtlJAtzHYP , 

l 1lX•ZHZP•lZX•4HOlSTI . 
9~7 FOR~ATC2ll0•5XtSE15 • T I 
908 FOAMATC l HOt21HTROU9LE I N R[OION l A••llOI 

a r e used to format da t a for input and output and to format output messages. 
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The statements 

c 
C1 !NTEA NUMBER O' RA YS 
c 

R!AO C5t90l)NRAYS,NQlfAR 
WAIT! (6t90ZINA4Y! 
t'CNGl!AAtl!tOINGt!RA•25 

are used to enter and print out the number of different rays to be traced 
and to enter the number of allowable errors for Subroutine Gl. If the 
number of allowable Gl errors entered is equal to or less than zero , it is 
set t o 25 allowable Subroutine Gl errors. 

The statements 

TRACE GIVEN NUM8[A OF RAYS 

on ~0 tAA1•l,NAAYS 

are used to begin a DO loop which will enter and print out the data for eac h 
ray to be traced between two given points . 

The statements 

g4 (NT!A POINT COORDINATES AND R(QlON 0' E'CM 
c: 

q£40 c!.90lll&,tRSlRT 
R!AD ISt90JilBrtiR'IN 
WAIT[ l6t90•)X8tlASTRT,XB,tlA,I~ 

ar e used to enter and print out the coordinates of the beginning and ending 
points of the ray and the r egion nu01ber where each point is located. 

The statements 

RANO[wXOlSTCX8tX8,) 
CALL DCOSPCXBtXB,•WB) 
WAIT[ C6•905tW8tAANGE 

are used to compute the distance between the two points using Function XDlST, 
to comput e the direction cosines of the line between the two points using 
Subroutine DCOSP, and to print out the distance and the direction of the line between the two points. 
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The s t atements 

IR•lASTRT 
NASC••l 
WAITE 16t906) 
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are used to i n itialize variable IR to the starting region number and to s et 

variable NASC to a -1 to indicate to Subroutine Gl that a new ray is to be 

fired . The table headings for the output are then printed out. 

The statements 

c 
C~ TRACE RAY TO NEXT R!OION INTERSECT 

c 
10 C.LL OtiSl,IAPRIM, XPI 

t,(l£AAoGEoNGtERAIOOTO 60 
WAITE (6t90l ) lAtlAPA1MtSltXPtDlST 

are used to call Subroutine Gl to determine the distance to the next regi on, 

the number of the next region , the coordinates at the intersect of the next 

region, and the total distance the current ray has travelled from the first 

point. If more than the allowable number of errors occurred in Subroutine Gl , 

control is transferred t o zero the error counter and return to the MAIN 

program. If less than thP Allowable number of errors occurred in Sub

routine Gl, the present region number, the entering region number , the dis

tance to the entering region, the coordinates of the intersect at the new 

region, and the total distance from the first point to the new region are 

printed out under the applicable column headings for this intersect. 

The statements 

I'( 015ToGEoAAN0[)G0TO 30 
l'(lAPRlMeL!oOIOOTO 20 
IR•IAPRtM 
OOTO 10 

are used to determine if the distance that the ray has travelled is greater 

than or equal to the distance between the two points, or if the new region 

is outside the enclosing geometry of the enclosing RPP . If not, the cur

rent region number is updated to the new r egion, and control is branched to 

again call Subroutine Gl to continue the ray. 
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c 

The statements 

ZO WAIT£ (6t908tlA 
GOTO !O 

are executed if the new region is out s i de the enclosing RPP of t he target 
geometry. These statements print out the old region number with an error 
message and then branch to start the next ray (if any). 

The statements 

lO I'ClAtNfelA,lN)GOTO 20 
50 CONTINU( 

are executed if the distance travelled is greater t han or equal to the dis
tance between the two points. These statements determine if the old region 
is the same as the region of the end point. If not , the old region number, 
with an error message, is printed out, and the program continues with the 
next ray (if any). If the regions are the same, the program continues with 
the next ray (if any). 

The statements 

60 t!AA•O 
R!TUAN 
[ND 

are executed when all rays have been processed or when the allowable number 
of errors in Subroutine Gl was exceeded during the processing of one of the 
rays. These statements s e t the error counter to zero and return control to 
the MAIN program. 
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LIST OF SYMBOLS AND ABBREVIATIONS (SIMULATION MODEL) 

Definitions of variable names utilized in this analysis program are con
tained in the following list of symbols and abbreviations (simulation model). 

The variable names are presented in the following groups: 

1. COMMON Statements 

Variable names appearing in the COMMON statements of all routines 
are listed in one group. 

2. SUBROUTINES 

Variable names not appearing in COMMON statements are listed by 
subroutine. 
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COMMON 

Symbol or 
Abbreviation 

ANGLE 

CA 

CE 

CELSIZ 

Dl 

D2 

DIST 

H 

HREF 

I15 

130 

IA(9) 

TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Equivalent 
Math 
Model 

a 

cos (l 

cos B 

CELSIZ 

H 

H 
ref 

in 
Definition 

Angle between the normal and the 
ray at the intersect 

Cosine of the azimuth angle of the 
ray with respect to the target 
geometry origin 

Cosine of the elevation angle of 
the ray with respect to the tar get 
geometry origin 

Length and width of each cell in 
the grid plane 

Distance from the first intersect 
on the target to the center plane 
of the target 

Distance from the last intersect 
on the target to the center plane 
of the target 

Distance from the start of a new 
region through the region until a 
new region is encountered 

Horizontal distance from center of 
gr id plane to random point in 
specified grid cell 

Horizontal distance from the 
center of the grid plane to the 
center of the grid square 

Value 215. Used for packing and 
unpacking data in a single word 

Value 23°. Used for packing and 
unpacking data in a single word 

Array for entering the logical 
operator or when entering region 
data during Subroutine GENI 
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Uni t s 

Degr ees 

ND 

ND 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

ND 

ND 

ND 
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COMMON (Continued) 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or 
Abbreviation 

IC(4) 

IENC 

IENTLV 

IERR 

IERRO 

!GRID 

IN(9) 

I NORM 

IR 

IRAN OM 

Equivalent 1.n 
Math 
Model 

Definition 

Array for entering alphameric 
program control data and the 
aboreviation of the body 
type during Subroutine GENI 

Region number enclosing the target 
and attack plane 

Option variable used to determine 
if Subroutine GENI is to print out 
the region enter/leave tables 

Variable used to count the number 
of errors in the geometry input. 
Also used to count the number of 
errors in Subroutine Gl 

Counter for the number of 0 
component code errors 

Grid square of the origin of t he 
current ray 

Array for entering the operator 
(+ or - ) and the body number when 
entering region data during Sub
routine GENI 

Control variable for Subroutine 
ARS to either compute the normal 
distance (INORM-1), or to compute 
the line- of- sight distance 
(INORM=O) 

Region number where the point 
along the ray is presently located 

Control variable passed from MAIN 
to Function RAN for computing a 
random number 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



COMMON (Continued) 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

TN 4565-3-71 Vol II 

Symbol or Equivalent in 

Abbreviation Math Definition Units 
Model 

IRAYSK --- Control variable passed from MAIN ND 
to Subroutine GRID to skip a 
random number of cells in the 
grid plane if IRAYSK is not equal 
t o zero 

IRN -- Region number of region type ND 
data en tered 

IRSTRT -- Region number of ray origin ND 

IT(lO) --- Title of the problem of up to ND 
60 alphanumeric characters 

ITAPE8 -- Option variable for suppressing ND 
printout (ITAPE8=0) 

ITESTG --- Option variable used to determine ND 
if Subroutine TESTG is to be 
called by the MAIN program 

ITR(200) --- Storage array for recording ray ND 
contact data: surface number, 
body number, next region number 

IVIH --- Two-digit random number computed ND 
in Subroutine GRID for printout 
by Subroutine TRACK 

IVOLUM --- Option variable used to determine ND 
if Subroutine VOLUM is to be 
called by the MAIN program 

IWOT --- Option variable used to determine ND 
if Subrouting GRID data is to be 
written on output tape 1 
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COMMON (Continued) 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL ) 

Symbol or 
Abbreviation 

Equivalent in 

IYES 

KLOOP 

KHIT 

L 

LABUT 

LBASE 

LBODY 

LDATA 

LEGE OM 

LIO 

LIRFO 

LMAX 

LOCDA 

Math Definition 
Model 

--- Int eger variable equal to one 
which is used for option t esting 

--- Internal ray counter for keeping 
track of each new ray in Sub
routine Gl 

--- Counter for keeping track of the 
number of compone nts hit along a 
given ray 

Counter for the number of inter
sects along a given ray 

Location of the beginning abutt~ng 
RPP data in the MASTER-ASTER array 

Beginning location of the MASTER
ASTER array (usually one) 

Location of the body pointers in 
the MASTER-ASTER array 

Temporary address of data in the 
MASTER-ASTER array 

Location of the end of the geom
etry data processed by Subroutine 
GENT 

Location of the beginning of a 
temporary storage area in the 
MASTER-ASTER array for use by 
Subroutine Gl 

Starting location of the region 
ID data in the MASTER array 

Total number of intersects that 
occur along a given ray 

Locatiun uf data ln Lhe MASTER 
array 
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Units 

ND 

NO 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

NO 

ND 



COMMON ( Conti nued) 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 
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Symbol or 
Abb r evia t ion 

Equiva lent i n 

LOOP 

LREGD 

LRI 

LRIN 

LRO 

LROT 

LRPPD 

LSCAL 

LSURF 

LTRIP 

NASC 

NBODY 

Math Definition 
Mode l 

--- Value of KLOOP when ray data was 
stored 

Beginning location in the MASTER
ASTER array of the region data 
pointer/number of bodies i n region 

Surface number of the entering 
intersect 

Beginning location in the ASTER 
array of t he RIN data 

Surface number of the exit 
intersect 

Beginning location in the ASTER 
array of the ROUT data 

Beginning location in the ASTER 
array of the RPP minimum/maximum 
values 

Beginning location in the ASTER 
array where the scalar data is to 
be entered by Subroutine GENI 

Surface number of body surface 
hit (negative if exit intersect) 

Beginning location in the ASTER 
array where the triplet data is to 
be entered by Subroutine GENI 

Current body number (- 1 means star 
new ray, -2 means find normal 
distance) 

Number of bodies used to describe 
the target geometry other than 
RPP ' s 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
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COMMON (Continued) 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or 
Abbreviation 

NDQ 

NGlERR 

NIR 

NN 

NO 

NRMAX 

NRPP 

NTYPE 

PINF 

RIN 

ROUT 

Equivalent in 
Math 
Model 

RIN 

ROUT 

Definition 

Upper limit or size in words of 
the MASTER-ASTER array, usually 
10,000 

Maximum number of errors that are 
allowed in Subroutine Gl 

Region identification (region 
component code) 

Variable made up of the body 
number plus the number of RPP ' s 

Integer variable equal to zero 
which is used for option testing 

Total number of regions used to 
describe the target geometry 

Number of rectangular parallele
pipeds used to enclose the target 
geometry 

Space code of the region following 
the next intersect 

Value 1050, Used to represent 
infinil:y 

Distance along the ray from the 
beginning of a given region to the 
entry intersect of the body under 
consideration 

Distance along the ray from the 
beginning of a given region to the 
exit intersect of the body under 
consideration 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 

Inches 
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COMMON (Continued) 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or 
Abbreviation 

SA 

SE 

SLOS 

SN 

SSP ACE 

TR(200) 

TRAVEL 

v 

VREF 

WB(3) 

WS(3) 

X(6) 

Equivalent in 
Math 
Model 

sin a 

sin G 

v 

v ref 

Definition 

Sine of the azimuth angle of the 
ray with respect to the target 
geomet r y 

Sine of the elevation angle of the 
ray with respect to the target 
geomet r y 

Line-of-sight distance through 
region following present intersect 

Normal distance through a given 
region 

Line-of-sight distance through 
space following a given intersect 

Storage ar ray for recording ray 
line-of-sight distance from con
tact to contact 

Line-of-sight distance from origin 
of ray to present intersect 

Vertical distance from center of 
grid plane to random point in 
specified grid cell 

Vertical distance from center of 
grid plane to center of grid 
square 

Present direction cosines of the 
ray 

Original direction cosines of the 
ray 

Temporary storage array for 
entering the six bounding planes 
of an RPP 
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Units 

ND 

ND 

Inches 

Inches 

Inches 

ND 

Inches 

Inches 

Inches 

ND 

ND 

Inches 
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LIST OF SYMBOLS AND ABBREVIATIONS 

COMMON (Concluded) 
(SIMULATION MODEL) 

Symbol or Equivalent in 
Abbreviation Math Definition Units 

Model 

-XB(3) XB x, y, and z coordinates of the Inches 
origin of the ray with respect 
to a given intersect 

-XBS(3) X x, y, and z coordinates of a point Inches p 
in a plane through the center of 
the target geometry through which 
the ray will pass 

XS(3) --- x, y, and z coordinates of the Inches 
origin of the ray in the grid 
plane 
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SUBROUTINE MAIN 

Symbol or 
Abbreviation 

A 

I 

I CODE 

I DENT 

IRDTP4 

IRN 

IWRTP4 

K 

NAR.EA 

NOA;' 

I 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Equivalent in 
Math 
Model 

---

---
---

---

---

---

-

---

---

Definition 

Six-element array for entering a 
description of the region type 
data 

Index in DO loops or for entering 
and writing out data 

Item code of component 

Space code and special identi-
fica tion of region 

Option vari;1hle for eorerin~ the 
target geometry data (rom tape 

Area for entering region numbers 
when entering region data 

Opu.on variable for writing out. 
the target geometry data onto 
tap"" 

L~.-<..atiun pointer to the ~STER 
array ior storing !CODE ann 
TDENT regiun data 

N•unbe~ of aspect angl es to be 
processed bv Subrouti nc AREA 

Number of aspect angles to be 
processed by Subroutine GRID 

-- -1 ·---------·-- ----L.-

Units 

ND 

Nll 

Nl> 

Nn 

NJj 

ND 

N!J 

NU 

Nl• 

NJJ 



TN 4565-3- 71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) SUBROUTINE GENI 
Symbol or 

Abbreviation 

A 

ASQ 

c 

ex 

CY 

cz 

FX(20) 

HDN 

I 

II 

I2 

Equivalent in 
Math 
Model 

Definition 

Distance from the center to one 
end of an ellipsoid of revolution 

Distance squared from center to 
one end of an ellipsoid of revolu
tion 

Distance from the center to a 
focus of an ellipsoid of revolu
tion 

x component distance from the 
center to a focus of an ellipsoid 
of revolution 

y component distance from the 
center to a focus of an ellipsoid 
of revolution 

z com~onent distance from the 
center of a focus of an ellipsoid 
of revolution 

Temporary array used to enter 
body triplet and scalar data. 
Also used for manipulating and 
computing additional data before 
storing the data into the MASTER
ASTER array in its final format 

Dot product of the height vector 
and the normal to the base 
ellipse of a truncated elliptic 
cone 

Index for various DO loops 

Pointer to the first position of 
a group of data in the ASTER array 

Pointer to the last position of a 
group of data in the ASTER array 
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Units 

Inches 

2 Inches 

Inches 

Inches 

Inches 

Inches 

ND 

Inches 

ND 

ND 

ND 



TN 4565- 3-71 Vol II 

LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE GENI (Continued) 
(SIM1"LAT ION MODEL) 

Symbol or Equivalent in 

Abbreviation Math Definition Units 
Model 

IM(l) ~- Storage location containing the ND 
Hollerith logical operator "bbb" 

IM(2) --- Storage locat ion containing the ND 
Hollerith logical operator "OBb" 

IM(3) --- Storage location containing the ND 
Hollerith logical operator "bRb" 

(Tabl ~ continued on next page) 
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TN 4565-3-71 Vol II 

LIST PF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

SUBROUTINE GENI (Continued) 

Symbol or 
Abb r eviation 

IAN(7) 

IAN(8) 

IBL 

II 

IK 

IK2 

IO 

lOP 

Equival ent i n 
Math Definition 
Model 

--- Storage location cont aining the 
integer 3 for converting the 
Hollerith logical operator to a 
numeri cal value of three 

--- Storage location containing the 
integer 3 for converting the 
Hollerith logical operator to a 
numerical value of three 

- -- Storage location containing one 
Hollerith blank for testing for 
blank fields on card input 

--- Number of bodies in the larger of 
two regions that is used as the 
upper limit of a DO loop for com-
paring each item in the smaller 
region with each item in the 
larger region 

--- Lower limit of a DO loop used to 
print out the MASTER-ASTER array 
three words at a time where IK is 
the location of the first of the 
three words 

--- Upper limit of a DO loop used to 
print out the MASTER-ASTER array 
three words at a time where IK2 
is the location of the third of 
three words 

Number of bodies in the smaller 
of two regions that is used as 
the upper limit of a DO loop for 
comparing each item in the smaller 
region with each item in the 
larger region 

Logical operator of the body to be 
tested or compared from the ent er/ 
leave tables in the ASTER arr ay 

523 

Units 

ND 

ND 

NO 

NO 

NO 

ND 

NO 

NO 



TN 4565-3- 71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) SUBROUTINE GENI (Continued) 
Symbol or Equivalent 

Abbreviation Math 
Model 

IOPER ---
IOPI --
IOPO ---

IPRIN --

lR 

lRCHEK 

IS 

I TEMP 

lTY(l) 

ITY(2) 

1TY(3) 

ITY(4) 

in 
Definition 

Refer to l OP 

Refer to lOP 

Refer to IOP 

Option control variable for 
printi ng out the entire MASTER
ASTER array 

Number of the region entered from 
the card input 

Option control variable for 
verifying the validity of the 
region enter/leave tables 

Value of +1 or -1 used in pre
paring the enter/leave tables. 
For IS = - 1 the leave table is 
prepared and for IS = +1 the 
enter table is prepared 

Variable used to represent the 
location of a region data pointer 
word 

Storage location containing the 
Hollerith string BOX to repre
sent a box 

Storage location containing the 
Hollerith string SPH to repre
sent a sphere 

Storage location containing the 
Hollerith string RCC to repre
sent a right circular cylinder 

Storage location containing the 
Hollerith string REC to repre
sent a right elliptic cylinder 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 
SUBROUTINE GENI (Continued) 

Symbol or 
Abbreviation 

1TY(5) 

ITY(6) 

ITY(7) 

ITY(8) 

ITY(9) 

ITY(lO) 

ITY(ll) 

I TYPE 

IWH 

J 

Equivalent in 
Math 
Model 

Definition 

Storage location containing the 
Hollerith string TRC to repre
sent a right truncated cone 

Storage location containing the 
Hollerith string ELL to repre
sent an ellipsoid of revolution 

Storage location containing the 
Hollerith string RAW to repre
sent a right angle wedge 

Storage location containing the 
Hollerith string ARB to repre
sent an arbitrary polyhedron 

Storage location containing the 
Hollerith s tring TEC to repre
sent a truncated elliptic cone 

Storage locating containing the 
Hollerith string TOR to repre
sent a torus 

Storage location containing the 
Hollerith string ARS t o repre
sent an arbitrary surface 

Variab l e first used to store the 
string of the body type when a 
card is entered. It is later used 
to store the integer equivalent of 
the body type 

Pointer to the location of pointer 
data in the MASTER array 

Index used to represent region 
numbers 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

NO 

ND 
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LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATI ON MODEL) 
SUBROIITINE GENI (Continued) 
Symbol or 

Abbreviation 

Jl-Jl2 

JJ 

K 

KI 

KLK 

KO 

KRI 

KRJ 

L 

Ll 

LAR 

Equivalent in 
Math Definition 
Model 

--- Variables used to represent the 
first and last location of either 
the region enter table or region 
leave table during the printout 
of these tables 

Variable used as an index when 
comparing the region data of two 
different regions 

Index for use in DO loops and in 
entering data 

Index for the number of bodies in 
the larger of two regions where 
the region tables are being 
verified 

Variable used to represent the 
location of a region data word 

Index for the number of bodies in 
the smaller of two regions where 
the region tables are being 
verified 

Variable used to represent the 
location of a region data pointer 
word 

Variable used to represent the 
location of a region data pointer 
word 

Temporary storage location or 
coordinate index 

Variable used to represent the 
location of the last word in the 
enter/leave table 

Variable used to represent the 
last location of RPP data in 
the MASTER-ASTER array 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



TN 4565-3-71 Vol II 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

SUBROUTINE GENI (Continued) 

Symbol or 
Abbreviation 

LBOD 

LBOT 

LD 

LE 

LEAV 

LEGEOM 

LENLV 

LENT 

LL 

LOC 

LOCI 

Equivalent in 
Math 
Model 

--

---

~-

---

Definition 

Variable used to represent the 
beginning location of the body 
data pointers 

Variable initially used to repre
sent the beginning location of the 
scalar data . This value changes 
as additional body data is stored 
backward from the beginning 
location of the scalar data 

Variable used to represent the 
location of the last word of the 
body data pointers 

Variable used to represent the 
number of data elements or 
pointers for a given body 

Pointer to the first location of 
the region leave table 

Pointer to the last location of 
the geometry data processed by 
Subroutine GENI 

Variable used to represent the 
beginning location of the leave/ 
enter tables 

Pointer to the first location of 
the region enter table 

Variable used as a counter to 
represent the number of errors 
in the region data when the 
checking option is performed 

Variable used to represent the 
location of a specific word in 
the MASTER- ASTER array 

Variable used to represent the 
location of the region data for 
a specific region 
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Units 

NO 

NO 

ND 

ND 

ND 

ND 

ND 

NO 

NO 

ND 

ND 
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LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) SUBROUTINE GENI (Continued) 
Symbol or 

Abbreviation 

LOCJ 

LREGL 

LSl 

LSUB 

LT 

M 

MIS 

MM 

MMM 

N 

NBI 

Equivalent in 
Math 
Model 

Definition 

Variable used to represent the 
location of the region data for 
a specific region 

Variable used to represent the 
beginning location of the region 
data 

Variable used to indicate whether 
triplet data (LSl=O) or scalar 
data (LSl=l) is to be stored by 
Subroutine SEE3 

Variable used to represent the 
number of unused words between 
the last pointer word and the 
first body data word 

Pointer to a reference location 
for storing pointers to triplet 
data 

Counter or pointer for the region 
data in the body pointer section 
of the MASTER array 

Counter for the number of matching 
operator/body combinations in 
another region 

Variable used to index to specific 
body data words in the region data 

Index used to prepare either the 
region leaving table or region 
entering table 

Index used to represent body 
number or region number 

Region table body number to be 
COIOpared 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

SUBROUTINE GENI (Continued) 

Symbol or 
Abbreviation 

NBNR 

NBO 

NBOD(I) 

NC 

NEAV 

NENT 

NOl(M) 

~ 

N02(M) .. 
NOO(M) 

NUM 

NUMI 

NUMJ 

Equivalent in 
Math Definition 
Model 

--- Variable that represents the total 
number of geometric shapes used to 
describe the target geometry. It 
is used in printing the enter/ 
leave table 

- Region table body number under 
test 

Eleven-element array used to count 
the number of times each of the 
eleven body shapes was used to 
describe the target geometry 

Number of bodies in a given region 

Number of bodies in a given region 
leave table 

Number of bodies in a given region 
enter table 

Two three-element arrays used to 
represent the last 15 bits and the 
15 bits previous to the last 15 
bits respectively of a computer 
word during the MASTER-ASTER 
array printout option when three 
words are printed out at a time 

Three-element array used to repre
sent the three locations of the 
words for printout during the 
MASTER-ASTER array printout option 

Body number candidate for a 
region enter or leave table 

Number of bodies in the smaller 
region when checking validity 
region data 

Number of bodies in the larger 
region when checking validity of 
region data 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
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LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) SUBROUTINE GENI (Concluded) 

Symbol or 
Abbreviation 

04(M) 

TT(3) 

TTl (3) 

TT2(3) 

Equivalent in 
Math 
Model 

Definition 

Three element array used to store 
the three words to be printed out 
during the MASTER-ASTER array 
printout option 

Three element array used to store 
the x, y, and z coordinates of the 
normal to the base ellipse of a 
TEC 

Three element array used to store 
the x, y, and z coordinates of the 
semi-major axis of the base 
ellipse of a TEC 

Three element array used to store 
the x, y, and z coordinates of the 
semi-minor axis of the base 
ellipse of a TEC 

5 30 

Units 

ND 

Inches 

Inches 

Inches 



SUBROliTINE RPPIN 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

TN 4565-3-71 Vol II 

Symbol or 
Abbreviation 

Equivalent in 

I 

12 
15 

I3 
16 

II 

J 

JJ 

K 
KK 

K2 

K21 

K41 

L 

LAR 

Math Definition 
Model 

--- Locat ion of the pointers for a 
given side of an RPP, or 

Number of an RPP for use in 
DO loops 

Number of abutting RPP's in 
packed format 

Pointer to the boundary coordinate 
for a given side of an RPP 

Pointer to the location of the 
boundary coordinate for a given 
side of an RPP, or 

Number of an RPP for use as the 
lower limit in a DO loop 

Index used to represent the side 
or number of an RPP 

Location of the pointers for a 
given side of an RPP 

Location of the pointers for a 
given side of an RPP, or 

Index used to represent side pairs 
of an RPP for use in a DO loop 

Even numbered side of a given RPP 

Odd numbered side of a given RPP 

Number representing the sum of 
the numbers of two opposite 
sides of an RPP 

Index for referencing storage in 
the LRPPD section 

Location of the last word of RPP 
data 
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Units 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

ND 

NO 
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LI ST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE RPPIN (Concluded) (SI.MULATI ON MODEL) 

Symbol or 
Abbreviation 

LAST 

LL 

M 

N 

NC 

NN 

NRPPl 

X(J) 

Equivalent in 
Mat h 
Model 

Definition 

Location of the last word of 
RPP data 

Counter for the number of abutting 
RPP's for a given side of an RPP 

Switch used in determining in 
which part of a packed word the 
number of an abutting RPP is to 
be s t ored 

Represents the number of an RPP 
or the number of a side of an RPP 

Represents t he side of an RPP 
opposite the side under test 

Sum of the numbers rep r esenting 
two opposite sides of an RPP 

One less than the number of RPP ' s 
used to represen t the target 
geomet ry 

Value of a boundary coordinate for 
a side of a given RPP 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 
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SUBROUTINE ALBERT 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or 
Abbreviation 

Equivalent in 

A 

A2B2C2 

AA(I ,J) 

B 

c 

D 

Dl2 

Dl210 

D2 

D22 

F(4) 

FX 

I 

Math Definition 
Model 

A Coefficient of x in the equation 
of the plane 

B 

c 

D 

Sum of the squares of the x, y, 
and z components of the equation 
of the plane 

24-element two-dimensional array 
for entering and storing the 
coordinates of the eight vertices 
of the ARB 

Coefficient of y in the equation 
of the plane 

Coefficient of z in the equation 
of the plane 

Constant term in the equation of 
the plane 

Square of the length between two 
vertices of a side of the ARB 

-12 
Dl2 times 10 

Perpendicular distance from the 
fourth vertex to the plane formed 
by the first three vertices 

(D2) 2 

Four- element array for storing the 
results of the four vertices not 
part of the plane under consider
ation when substituted into the 
plane equation 

Six- element array that contains 
the coordinates of the first two 
vertices of the ARB 

Index for entering the coordi
nates of the vertices of the ARB 
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Units 

ND 

2 Inches 

Inches 

ND 

ND 

ND 

2 Inches 

Inches 

2 Inches 

ND 

Inches 

ND 
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LIST OF SYMBOLS AND ABBREVIATIONS 

( )
(SIMULATION MODEL) SUBROUTINE ALBERT Continued 

Symbol or 
Abbreviation 

IA 

IC 

IWH 

IX 

IY 

IZ 

J 

K 

L 

LBOT 

LSl 

M 

Equivalent in 
Math Definition 
Model 

--- 24-element two-dimensional array 
for entering and storing the four 
ordinal vertex numbers for six 
planes of the ARB 

--- Fourth ordinal number of one of 
the vertices of a plane 

--- Pointer returned by Subroutine 
SEE3 to the location where the 
ARB data was stored 

--- First ordinal number of one of the 
vertices of a plane 

--- Second ordinal number of one of 
the vertices of a plane 

Third ordinal number of one of the 
vertices of a plane 

Index in a DO loop for storing 
coordinates of two vertices. Also 
used to count the number of ver
tices on the positive side of the 
plane under test 

Index for referencing elements in 
array FX. Also used as an index 
to zero array F 

Index for storing data into the 
F array 

Pointer to the location where data 
was last stored by Subroutine SEE3 

Variable used to indicate to Sub
routine SEE3 whether triplet data 
(LSl=O) or scalar data (LSl=l) is 
to be stored 

Variable for counting the number 
of vertices on the negative side 
of the plan~ __under_ test 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

NO 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

SUBROUTINE ALBERT (Continued) 

Symbol or 
Abb revia t ion 

N 

NDQ 

s 

wx 

WY 

wz 

Xl 

X2 

XJ 

X4 

Yl 

Y2 

Y3 

Equivalent in 
Math 
Model 

Definition 

Variable for counting the number 
of vertices remaining on the 
plane under test 

Upper limit pointer of the MASTER
ASTER array 

Square root of the sum of the 
squares of the x, y , and z 
coefficients 

x direction cosine of a vector 
from the origin perpendi cular to 
the plane 

y direction cosine of a vector 
from the origin perpendicular to 
the plane 

z direction cosine of a vector 
from the origin perpendicular to 
the plane 

x coordinate of the first vertex 
of a plane 

x coordinate of the second vertex 
of a plane 

x coordinate of the third vertex 
of a plane 

x coordinate of the fourth vertex 
of a plane 

y coordinate of the first vertex 
of a plane 

y coordinate of the second vertex 
of a plane 

y coordinate of the third vertex 
of a plane 
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Units 

ND 

ND 

Inches 

Inches 

Inches 

I nches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 



TN 4565- 3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) SUBROI.ITI NE ALBERT (Concluded) 
Symbol or Equival ent in 

Abbreviation Math Definition 
Mode l 

Y4 --- y coordinate of the fourth vertex 
of a plane 

Zl --- z coordinate of the first vertex 
of a plane 

Z2 --- z coordi nat e of the second vertex 
of a plane 

Z3 --- z coordinate of the third vertex 
of a plane 

Z4 --- z coordinate of the f ourth vertex 
of a plane 
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Units 

Inches 

Inches 

Inches 

I nches 

Inches 



SUBROUTINE ARIN 

Symbol or 
Abbreviation 

I 

L 

LBOT 

LDATA 

LOC 

LOCC 

Ll 

12 

M 

MN 

N 

NP 

NSTR 

NT 

TN 4565-3- 71 Vol II 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Equivalent in 
Math 
Model 

Definition Units 

DO loop index equal to curve num
ber during input of ARS point data 

ND* 

DO loop index for referencing 
storage locations in the ARS point 
data section 

Pointer to beginning location of 
storage area for ARS 

Pointer to next available location 
in body pointer section of MASTER 
array 

ND 

ND 

ND 

Storage location pointer for ARS ND 
point data section 

Storage location pointer for ARS ND 
point data section 

DO l oops lower limit for referenc- ND 
ing stor age locations in ARS point 
data section 

DO l oops upper limit for referenc- ND 
ing s torage locations in ARS point 
data section 

Number of curves used to describe ND 
given ARS 

Total number of points used to ND 
describe given ARS 

Number of points per curve ND 

Number of points to be stored; ND 
NP=2*N*(M- 1); points stor ed in 
pairs between consecutive curves 

Total number of storage words ND 
required for the given ARS 

Number of triangles described ND 

*Non-dimensional 
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TN 4565-3-71 Vol II 
LI ST OF SYMBOLS ru~D ABBREVIATIONS 

(SI MULATI ON MODEL) SUBROUTINE ARIN (Concluded) 

Symbol o r Equivalent in 
Abbreviation Math Def i nition 

Model 

NT --- Number of non-degenerate triangles 
in given ARS 

UW(3) --- x , y, z coordinates of vector 
between first point and second 
point of given triangle of ARS 

VW(3) -- x, y, z coordinates of vector 
between first point and third 
point of given triangle of ARS 

W(3) -- x, y, z coordinates of first 
point of given triangle of ARS 

WN(3) -- x, y, z coordinates of vector 
formed f!£m cross £!Oduct of 
vee tors UW (3) and VW(3) 
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Units 

ND 

ND 

ND 

ND 

ND 



SUBROUTINE SEE3 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

IN 4565-3-71 Vol II 

Symbol or Equivalent in 

Abbreviation Math Definition Units 
Mode l 

FX -- x coordinate of the triplet data, ND 
or the value of the scalar quantity 

FXX -- y coordinate of the triplet data, ND 
or the value of the scalar quantity 

FXXX --- z coordinate of the triplet data, ND 
or the value of the scalar quantity 

I --- Index for searching through the ND 
triplet/scalar data 

IWH --- Pointer to location of the triplet ND 
or scalar data 

LBOT --- Beginning locations of the triplet/ ND 
scalar data section 

LDATA -- Pointer to the next available ND 
location in the body section of 
the MASTER array 

LSl --- Variable used to indicate whether ND 
triple t data (LSl=O) or scalar 
data (LS1=1) is in the argument 
list 

NDQ --- Last location of the MASTER-ASTER ND 
array 

NDQ2 --- NDQ-2 ND 
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TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 
SUBROUTINE GR rn 
Symbol or 

Abbreviation 

A 

AR 

CELL2 

E 

ENGTH 

ER 

GROUND 

ICENTR 

IH 

II 

IV 

J 

KK 

KKl 

MSHIFT 

NEND 

NSTART 

Equivalent in 
Math 
Model 

A 

D/2 

E 

ENGTH 

e 

I 

I v 

J 

k 

N 

Definition 

Azimuth angle 

Azimuth angle 

One-half the total number of grid 
cells 

Elevation angle 

Back-off distance of the shifted 
point of the given cell 

Elevation angle 

z-coordinate of ground level 

Control variable for originating 
the ray from the center of the 
cell when equal to one 

Random number for computing a 
random horizontal point within a 
given cell 

Variable that represents the row 
number of the grid 

Random number for computing a 
random vertical point within a 
given cell 

Variable that represents the 
column number of the grid 

Index of the major DO loop that 
represents the cell number 

Index that represents an x, y, or 
z coordinate in a DO loop 

Random number between 0 and 24 
that determines the random number 
of cells to be skipped 

Number of the last cell in the 
grid 

Starting cell number, usually the 
first cell in the grid 

540 

Units 

Degrees 

Radians 

ND 

Degrees 

Inches 

Radians 

Inches 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 
SUBROUTINE GRID (Concluded) 

Symbol or 
Abbreviation 

NX 

NY 

RADIAN 

WP(3) 

XSHIFT 

YSHIFT 

ZSHIFT 

Equivalent in 
Math 
Model 

N 
X 

R 

XSHIFT 

YSHIFT 

ZSHIFT 

Definition 

Number of horizontal cells in 
the grid plane 

ND 

Number of vertical cells in the ND 
grid plane 

Units 

One degree in radians = Radians 
0.017453292519943 

x, y, z coordinates of random Inches 
direction cosines returned by 
Subroutine TROPIC 

Distance target origin and grid Inches 
plane center is effectively shifted 
in the X direction 

Distance target origin and grid Inches 
plane center is effectively shifted 
in the Y direction 

Distance target origin and grid Inches 
plane center is effectively shifted 
in the Z direction 
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SUBROUTINE TRACK 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or 
Abbreviation 

Equivalent in 

ANGLEl 

ERROR 

Dl 

02 

I 

112 

I DENT 

IH 

IRPRIM 

IV 

JCNT 

JERRO 

KLSURF 

Math Definition 
Model 

--- Save area for obliquity angle of 
intersect for first half of out
put line 

--- Two-element array containing 
Hollerith data for possible 
printout 

Distance from the first inter
sect of the target to the center 
plane of the target 

Distance from the last intersect 
of the target to the center plane 
of the target 

Index in a DO loop for 
the TR and ITR arrays. 
as an index for the x, 
coordinates in another 

referencing 
Also used 

y, and z 
DO loop 

Value for packing data into array 

ITR. 112 = 212 = 4096 

Region identification space code 

Horizontal cell number from 
center of grid 

Region number returned by 
Subroutine Gl 

Vertical cell number from center 
of grid 

Counter used to count the spaces 
the ray encounters in the target 

Index for ERROR array. Set to 2 
if 0 component code error occurs. 

Surface number where the ray 
intersects the body (negative 
for exit intersect) 

Units 

NO 

NO 

Inches 

Inches 

NO 

NO 

NO 

ND 

NO 

NO 

NO 

NO 

NO 



TN 4565-3- 71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 
SUBROUTINE TRACK (Continued) 

Symbol or 
Abbreviation 

LOG 

MARMR 

MSKRT 

~fTARG 

MVOi. 

N 

NIRl 

NTYl'El 

Sl 

SIOSl 

SNl 

SPACEl 

SUM 

Equivalent in 
Math 
Model 

Definition 

Location of the region identity 
code in the region type data 
section 

Flag for indicating armor material 

Flag for indicating skirt material 

Flag for indicating target 

Flag for indicating interior 
volume 

Number of components hit by ray 

Save atea for region identifica
tion (vehicle component) of 
intersect for first half of 
output line 

Save are~ :or the type of space 
~>llowing region of intersect for 
first half of output line 

Distance to the next region 
re• 1 ::ned by Sub routine Gl 

Save area for the line-of-sight 
dist~nce through region for first 
half of output line 

Sa ve area for normal distance 
through region fo1 £irs t I .tllf 
of output 1 ine 

Save area for line-of-sight 
distance through space for first 
half of output line 

Summing location fur computing 
distance from first target inter
sect to center plane of target 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 

ND 

ND 

ND 

ND 

~-------------~-------- ~----------------------------------~-----------1 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 
SUBROUTINE TRACK (Concluded) 

Symbol or Equivalent in 

Abbreviation Math Definition 
Model 

XP --- x, y, and z coordinates of the 
new position of the ray returned 
by Subr outine Gl 

544 

Units 

Inches 



LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

TN 4565-3- 71 Vol II 

SUBROUTINE CAl.C 

Symbol or 
Abbreviation 

A 

Al 

A2 

ASQ 

BSQ 

c 

DIS 

DIV 

GAMMA 

Equivalent in 
Math 
Model 

A 

a 

b 

(Rl/R2)
2 

BSQ 

Definition 

Variable used in the ELL section 
to represent the length of the 
major axis 

Variable used in the REC section 
to represent the length from the 
center along the major axis 

Variable used in the REC section 
to represent the length f rom the 
center along the minor axis 

Variable used in the TEC section 
to represent the square of the 
radius of the intersection 
ellipse along the semi-major axis 

[y ·R4+R2(1-y)] Variable used in the TEC section 
t o represent the square of the 
radius of the intersection 
ellipse along the semi-minor axis 

c 

H· N 

Variable used in the REC and TEC 
section to represent the distance 
from the center of the ellipse to 
the foci 

Distance from ray or1g1n to 
intersect in ARS section 

Variable used in the ARB section 
to represent the square root of 
the sum of the squares of the x, 
y, and z coefficients of the 
equation of the intersected plane 

Variable used in the TEC section 
to represent the ratio of the 
height of the hit along the nor
mal to the distance between the 
two planar surfaces 

545 

Units 

Inches 

Inches 

Inches 

2 
Inches 

2 Inches 

Inches 

Inches 

Inches 

ND 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 
SUBROUTINE CALC (Continued) 

Symbol or 
Abbreviation 

HDN 

HF(3) 

HH 

l 

IDENT 

IEMP 

IJK 

IJKl 

IJK2 

IJK3 

I SPOT 

ITYPE 

J 

Equivalent in 
Math 
Model 

H·N 

(X-V)·N 

Definition 

Variable used in the TEC section 
to represent the length of the 
height vector when projected onto 
the normal to the base ellipse 

Array used in TEC section for the 
coordinates of the height vector 

Variable used in the TEC section 
to represent the length of the 
vector from the vertex to the 
intersect when projected onto 
the normal to the base ellipse 

Variable used throughout the 
program as an index 

Variable used to represent the 
space code of a particular region 

Temporary storage for entering 
the coordinate data for the box 

Variable used throughout the 
program as an index for retn.ev 
ing data from the ASTER array 

Refer to IJK 

Refer to IJK 

Refer to IJK 

Variable used as an index to 
locate specific tegion dal~ in tne 
ASTER array 

Variable used to represent t he 
body type of the inters~~red ~ony 

Variable used throughvut the 
program as an index 

Units 

Inches 

Inchec: 

ND 

NO 

NO 

ND 

ND 

ND 



LIST OF SYMBOLS k~D ABBREVIATIONS 
(SIMULATION MODEL) 

TN 4565-3-71 Vol II 

SUBROUTINE CA : .. c. (Continued}. 
Symbol or 

Abbreviation 

K 

KCOM 

Ll 

LA 

LH 

LK 

LKK 

LN 

LOC 

LOCARS 

LRl 

Equivalent in 
Math 
Model 

Definition 

Variable used in the RAW section 
as an index to retrieve data from 
the ASTER array 

Variable used in the BOX section 
to test the surface number of the 
intersect for odd or even status 

Pointer to the location of the 
x, y, and z coefficients for the 
equation of the intersected ·plane 
of the ARB 

Pointer to the location of the 
direction cosines of the semi
major axis of the base ellipse 
of the TEC 

Variable used in the BOX section 
as an index to locate the three -H vectors of the BOX in the 
ASTER array 

Refer to K 

Variable used in the RPP section 
as an index to locate data in the 
ASTER array 

Pointer to the location of the 
direction cosines of the normal 
for the TOR and TEC 

Location of the pointers in the 
LBODY section for the body being 
t ested 

Beginning location of intersect 
data for the ARS 

Variable used in the REC, ELL, 
REC, TEC, and TOR sections as an 
index to locate data in the 
ASTER array 
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Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SU.R"l'R'"c"' u"""T' .. N11'"t<. C.A .C. ( C.nn~tnued) 

Symbol or 
Abbreviation 

LR2 

LR3 

LS 

LSPT 

LSURF 

LV 

LVl 

LV2 

LV3 

M 

MK 

Equivalent in 
Math 
Model 

(SIMULATION MODEL) 

Definition 

Variable used in the REC, ELL, 
and TEC sections as an index to 
locate data in the ASTER array 

Variable used in the TEC section 
as an index to locate data in the 
ASTER array 

Variable used in the ELL section 
as an index to locate the lengt h 
of the major axis from the ASTER 
array 

Variable used in the ARB section 
to represent the location of the 
intersected plane data in the 
ASTER arr ay 

Surface number of the body where 
the intersect occurs (negative 
if an exit intersect) 

Variable used as an index to 
locate the coordinates of the 
vertex in the ASTER array 

Variable used as an index to 
locate the coordinates of the 
vertex or height vector in the 
ASTER array 

Variable used as an index to 
locate the coordinates of the 
height vector in the ASTER array 

Refer to LVl 

Variable used as an index to 
locate data in the ASTER array 

Variable used in the BOX section 
as an index to locate data in the 
ASTER array 

548 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 
SUBROUTINE CA '~C (ContinttP.d) 

Symbol or 
Abbreviation 

NBO 

NEXREG 

Rl 

R2 

R4 

Sl 

SUM 

TAU 

TEM(3) 

TEM1(3) 

TEMP(3) 

TEMP1(3) 

Equivalent in 
Math 
Model 

Rl 

R2 

R4 

(Rl/R2) 2 

Definition 

Solid number of the body under 
test 

Region number of the region 
following the next intersect 

Variable used in section TEC to 
represent the length of the major 
radius of the base ellipse, and 
in section TOR to represent the 
major radius 

Variable used in section TEC to 
represent the length of the minor 
radius of the base ellipse 

Variable used in section TEC to 
represent the length of the minor 
radius of the top ellipse 

Normal distance through the region 
that is returned by Subroutine Gl 

Variable used in sections REC and 
RAW to compute the dot product of 
two vectors, and in section ARB 
to compute the sum of the squares 
of the x, y, and z coefficients 
of the intersected plane 

Variable used in section TEC to 
r epresent the square of the ratio 
of the semi-major axis radius to 
the semi-minor axis radius of the 
base ellipse 

Three-element array used to store 
the x, y, and z coordinates of a 
vector 

Refer to TEM(3) 

Refer to TEM(3) 

Refer to TEM(3) 

549 

Units 

ND 

ND 

Inches 

Inches 

Inches 

Inches 

2 
Inches 

ND 

Inches 

Inches 

Inches 

Inches 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATlO~S 

(SIMULATION MODEL) 
SUBROUTINE CALC (Concluded) 
Symbol or 

Abbreviation 

TLK 

TWOA 

VF(3) 

WI(3) 

WN(3) 

XI(3) 

XMID(3) 

XNOS 

XP(3) 

Equivalent in 
Math 
Model 

n 

2a 

WI 

X 

(Hl-H2) 

Q 

XH 

Definition 

Variable used in the RAW section 
to compute and represent the 
scalar length of a vector normal 
to the slanted side of the RAW 

Variable used in the TEC section 
to represent the length of the 
intersection ellipse along the 
semi-major axis 

Array for storing the vertex 
coordinates of the TEC 

Coordinates of the direction 
cosines of the height vector of 
the RCC 

Three-element array used to store 
the x, y, and z coordinates of 
the direction cosines of a unit 
vector 

Three-element array used to store 
the x, y, and z coordinates of 
the intersect point 

Three-element array used in the 
RAW section to represent the x, 
~ and z coordinates of the 
Hl-H2 vector 

Variable used to represent a 
constant multiplier of the direc
tion cosines of a ray and has a 
value of +1 or -1 and is used to 
direct the normal to a surface 
into the body for an entry inter
sect and away from the body for 
an exit intersect 

Three-el~ent array used in the 
RCC section to represent the x, 
y, and z coordinates of the inter
sect point projected onto the 
height vector 

550 

Units 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

ND 

Inches 



SUBROUTINE Gl 

Symbol or 
Abbreviation 

I 

Il 

12 

13 

I CODE 

ICODEl 

I DENT 

IDENTl 

IH 

IJK 

IRP 

IRPRIM 

I TEMP 

ITY 

TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Equivalent in 
Math 
Model 

Definition 

Index for referencing the temp
orary working storage section of 
Subroutine Gl (LIO) 

Entering surface number of an 
intersect for a given body from 
LIO 

Exit surface number of an inter
sect for a given body from LIO 

Equivalent of LOOP for a given 
body from LIO . Not used in Sub
routine Gl 

Item code of the region before 
the present intersect 

Item code of the region after the 
present intersect 

Space code of the region before 
the present intersect 

Space code of the region after 
the present intersect 

Horizontal grid cell of the ray 
(from the center cell) 

Pointer for storing or locating 
data in the MASTER-ASTER array 

Number of an abutting RPP 

Number of the next region 

Pointer to data in the MASTER
ASTER array 

Body type number (1-12) of the 
current body 

551 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



TN 4565-3-71 Vol II 

Gl (Continued) 

Symbol or 
Abbreviation 

I TYPE 

IV 

J 

Jl 

J2 

LEAV 

LENT 

LIO~ 

LOC 

LSURT 

LTRUE 

NASCT 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Equivalent in 
Math 
Model 

Definition 

Unpacked body type number (1-11) 
of the current body 

Vertical grid cell of the ray 
(from the center cell) 

Pointer to the possible region 
being entered by the ray 

Pointer to the first region in the 
enter (or leave) table for the 
current body 

Pointer to the last region in the 
enter (or leave) table for the 
current body 

Pointer to the region leaving 
table for the current body 

Pointer to the region entering 
table for the current body 

Pointer to the last location in 
LIO. the temporary working storage 
for Subroutine Gl 

Pointer to data in the MASTER
ASTER array 

Surface number for the current 
intersect of the current body 
(negative if an exit intersect) 

Indicator (0 or 1) to Subroutine 
Gl from Subroutine WOWI if point 
XP is in the region passed to 
Subroutine WOWI 

Body number of the current 
intersect 

552 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



Gl (Concluded) 

Symbol or 
Abb r eviation 

NBO 

NC 

NEAV 

NlU T 

Sl 

SM 

XBD(3) 

XP(3) 

TN 4565- 3- 71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Equivalent in 
Math 
Model 

Definition 

Body number of the body under test 

Number of bodies in the region 
description 

Number of regions in the region 
entering table 

Count of the number of bodies hit 
at a single intersect 

Distance the ray has travelled 
into the region 

Distance to the next intersect of 
the body being tested that is 
greater than the distancetravelled 
thus far 

x,y, and z coordinates of the ray 
when an error in Subroutine Gl 
occurred 

x,y, and z coordinates of the 
position of the point on the ray 

553 

Units 

ND 

ND 

ND 

ND 

Inches 

Inches 

Inches 

Inches 



TN 4565-3-71 Vol II 

SUBROUTINE WOW! 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Symbol or 
Abbreviation 

Equivalent in 

IJK 

IOP 

IOPER 

I TEMP 

ITY 

LOCO 

LTRUE 

N 

NBO 

NC 

NN 

Math Definition 
Model 

--- Pointer for locating and storing 
data in Subroutine Gl working 
storage, LIO 

Body operator of the body when 
unpacked from the region data 
section 

Body operator of the body when 
unpacked from the region data 
section 

Pointer for locating body data 
pointers for the body being tested 

Body type number (1-12) of the 
current body 

Pointer to the packed operator 
and body number for a specific 
body i n the region under test 

Indicator (0 or 1) to Subroutine 
Gl if point XB is within the 
region 

Region body sequence number of 
t he body being tested 

Body number of the body under test 

Number of bodies in the region 
description 

Region body sequence number of the 
body being compared 

554 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



SUBROUTINE RPP 

Symbol or 
Abbreviation 

I 

II 

J 

L 

LR(L) 

LST(l) 

LST(2) 

LST(3) 

LST(4) 

LST(S) 

LST{6) 

NBO 

PR(L) 

TEMP 

TRY 

XRY 

XS (I) 

TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATI ON MODEL) 

Equivalent in 
Math 
Model 

i 

1 

1 

2 

2 

3 

3 

Definition 

DO loop index for representing one 
of six sides of the RPP 

Index for denoting x, y, and 
z plane pairs 

Index that represents the x, y, or 
z coordinate of a point 

Index counter for the number of 
sides intersected 

Surface number of intersect point 

Integer that represents X plane 

Integer that represents X plane 

Integer that represents Y plane 

Integer that represents Y plane 

Integer that represents Z plane 

Integer that represents Z plane 

Body number of the body under test 

Location in subroutine for RIN 
and ROUT 

Numerator of the equation for dis
tance to the intersect point of 
ray with plane 

Distance from ray origin to inter
sect point with plane 

Intersect coordinate on a plane 

Boundary coordinate for a given 
plane 

555 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 

Inches 

Inches 

Inches 

Inches 



TN 4565- 3- 71 Vol II 

SUBROUTINE BOX 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Symbol or 
Abbreviation 

Equivalent in 

A 

CM 

CP 

I 

IHl 

IH2 

IH3 

II 

IV 

J 

JA 

JV 

LI 

LO 

Math Definition 
Model 

- - - Dot product Hi · RI 

RINi Computed value for distance to 
the first intersection with the 
box, RIN 

ROUT! Computed value for distance to 
the second intersect ion with the 
box, ROUT 

DO loop index for computing the 
face pair 

Location in ASTER array which 
contains Hr coordinates 

Location in ASTER array which 
contains HT coordinates 

Location in ASTER array which 
contains HJ coordinates 

Integer used to compute the face 
number of the box 

Location in the ASTER array which 
contains the vertex coordinates 

Index for looping through the x, 
y, and z coordinates for computing 
the equation for the distance to 
the intersects 

x, y , or z coordinate of the Hl 
vector 

x, y, or z coordinate of the vertex 

Face number for ray's first 
intercept 

Face number for ray ' s second 
intercept 

556 

Units 

Inches2 

Inches 

Inches 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 

Inches 

ND 

ND 



TN 4565- 3- 71 Vol II 
LIST OF SYMBOLS AND ABBREVIATI ONS 

SUBROUTINE BOX (Concluded) (SIMULATION MODEL) 

Symbol or Equivalent in 

Abbrevia tion Math Definition Units 
Model 

LOC --- Index used to retrieve pointers ND 
to the Hl and ~ coor dinates 

VP (V-XB) . -Hi Dot product (V-XB) . Hi Inches2 

w WB . Hi Dot product WB . Hi Inches2 

557 



TN 4565-3-71 Vol II 

SUBROUTI NE SPH 

Symbol or 
Abbr evi ation 

B 

c 

DIS 

DX,DY,DZ 

12 

! TEMP 

R 

LIST OF SYMBOLS AND ABBREVIATIONS 
(S IMULATION MODEL) 

Equiva lent in 
Math Definition 
Model 

--DX·WB B coefficient of the quadr atic 
equation solution used to compute 
RIN and ROUT 

DXLR2 C coefficient of the quadratic 
equation solution used to compute 
RIN and ROUT 

B2_C Quantity under the radical of the 
quadratic equation solution used 
to compute RIN and ROUT 

--- x, y ani_z coordinates of the 
vector DX 

--- Pointer to the location of the 
radius in t he ASTER array 

--- Location in ASTER array which 
contai ns t he vertex coordinates 

R Radius of sphere 
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Units 

Inches 

Inches2 

Inches2 

I nches 

ND 

ND 

Inches 



SUBROUTINE RCC 

Symbol or 
Abbreviation 

AMBD 

AMBDA 

CM 

CP 

DEN 

DISC 

Fl 

H(3) 

HH 

I 

IH 

IRR 

IV 

LCM 

TN 4565-3- 71 Vol II 
LIST OF SYMBOLS AND ABBREVIATI ONS 

(SIMULATION MODEL) 

Equival en t in 
Ma th Definition 
Model 

A/ Value of A/ from the equation 
TS 2 - 2S>./ + 1./ - 0 

>. Coefficient of 2S from the quad
ratic equation of the RCC 

--- RIN intersection with a planar 
surface 

T 

H 

ROUT intersection with a planar 
surface 

Coefficient of s2 from t he 
quadra t ic equation 

Quantity under the radical of the 
quadratic equa t ion used to comput e 
RIN and ROUT 

A quantity used to determine if 
RIN or ROUT lies within the 
boundary of the RCC 

x , y, and z coordinates of the 
height vector H 

Dot product of the height vector H 
of the RCC 

Index that represents an x , y , or 
z coordinate 

x, y , and z coordinates of the 
light vector R 

Location index for the radius R 
of the RCC in the ASTER array 

x, y, and z coordinates of the 
vertex V 

Temporary storage location for the 
surface number of RIN for a pl anar 
surface 

559 

Units 

Inches 

Inches 

Inches 

I nches 

ND 

Inches2 

Inches 

Inches 

I nches2 

ND 

Inches 

ND 

Inches 

ND 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE RCC (Concluded) (SIMULATION MODEL) 

Symbol or 
Abbreviation 

LCP 

POT 

R 

Rl 

R2 

RSQ 

SD 

TOP 

UM 

UMU 

V( 3) 

VPH 

WH 

Equivalent in 
Math befinition 
Model 

- - - Temporary storage location for 
the surface number of ROUT for a 
planar surface 

R 

1./ 

v 

Portion of the expression for 
solving for ~ 

Radius of the right circular 
cylinder 

Temporary location in the sub
routine of RIN for the quadratic 
surface 

Temporary location in the sub
routine of ROUT for the quadratic 
surface 

Value of radius squared 

Value J~-~ from the expression 
S ... A + A2-~ 

Portion of the expression for 
solving for >. 

Value of ~~ from the quadratic 
equation TS2-2sAt~/ = 0 

~ :: ).J'' /T 

x , y , and z coordinates of the 
vertex V 

Quantity used in solving for 
A and \J 

Quantity used in solving for y and 
A and RIN and ROUT on the planar 
surfaces 

560 

Units 

ND 

Inches2 

Inches 

Inches 

Inches 

Inches2 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches2 

Inches 



SUBROUTINE REC 

Symbol or 
Abbreviation 

A(3) 

AA 

AAAA 

AMBD 

AMBDA 

B(3) 

BB 

BBBB 

CM 

CP 

DEN 

DISC 

Fl 

H(3) 

TN 4565-3- 71 Vol II 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Equivalent 
Math 
Model 
-A 

- -A·A 

(A. A) 2 

).,1 

>./ /T 

-B 

--B·B 

(8·8) 2 

---

1 

H 

in 
Definition 

x, y, and z coordinates of the 
semi-major axis A 

Dot product of the semi-major axis 
A 

Square of the dot product A·A 

Coefficient of 2S from equation 
TS2+2X1 S+ll' =0 

Coefficient, X, of 2s from equa
tion s2+2XS+~=O 

x, y, and z coordinates of the 
semi-minor axis B 

Dot product of the semi-minor 
axis E 

Square of the dot product B·B 

RIN intersection with a planar 
surface 

ROUT intersec tion with a planar 
surface 

Coefficient of s2 from the 
quadratic equation of the REC 

Quantity under the radical of the 
quadratic equation used in solving 
for RIN and ROUT on the quadratic 
surface 

Quantity used to determine if 
RIN or ROUT lies within the 
boundary of the REC 

x, y, and z coordinates of the 
height vector H 

561 

Units 

Inches 

2 
Inches 

Inches4 

ND 

ND 

Inches 

2 
Inches 

Inches 4 

Inches 

Inches 

ND 

Inches2 

Inches 

Inches 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE REC (Continued) (SIMULATION MODEL ) 

Symbol or 
Abbreviation 

HH 

IA 

IB 

IH 

IV 

LCM 

LCP 

LOC 

Rl 

R2 

SD 

UM 

UMU 

Equivalent in 

X-

X+ 

Math Definition 
Model 

-- --H'H Dot product, H·H,of the height 
vector H 

--- Pointer to the coordinates of the 
semi-major axis A 

-- Pointer to the coordinates of the 
semi-minor axis B 

J'A2_~ 

)'A 2_\J 

Pointer to the coordinates of the 
height vector R 

Pointer to the coordinates of the 
vertex V 

Temporary storage location for the 
surface number of RIN for a planar 
surface 

Temporary storage location for the 
surface number of ROUT for a 
planar surface 

Index used to retrieve pointers 
to the location of the coordinates 
of the REC 

Temporary storage location of RIN 
for the quadratic surface 

Temporary storage location of 
ROUT for the quadratic surface 

Jx2-u Value :: x;-ll from the expression 
S a X± A -lJ 

IJ/ 

~ 

Value of IJ' from the ouadratic 
equation TS2-2s'A' + ll' = 0 

562 

Units 

Inches2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 

Inches 

Inches 

ND 

ND 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE REC (Concluded) (SIMULATION MODEL) 

Symbol or 
Abbreviation 

v (3) 

VlXBl 

V2XB2 

V3XB3 

VPA 

VPB 

VPH 

VPHHH 

WBA 

WBAWBA 

WBB 

WBBWBB 

WH 

Equivalent in 
Math 
Model 

v 

Definition 

x, y , and z coordinates of the 
vertex V 

x component of the vector V-XB 

¥ component of the vector V-XB 

Vz-XBz x component of the vector V-XB 

A· (V- XB) Dot product of the semi-major axis 
A and the vector from XB to the 
vertex of the REC (V-XB) 

B•(V-XB) Dot product of the semi-minor axis 
B and the vector from XB to the 
vertex of the REC (V-XB) 

H·(V-XB) Dot product of the height vector 
H and the vector from XB to the 
vertex of the REC (V- XB) 

H · (V-XB}+H·H Sum of the dot product H· (V-XB) 
and the dot product of the height 
vector lf·H 

WB·B 

WB·H 

Dot product of the semi-major 
axis A and the direction cosines 
of the ray mr 
Square of the dot product WB·A 

Dot p£oduct of the semi-minor 
axis B and the direction cosines -of the ray WB 

Square of the dot product WB·B 

Quantity used for determining the 
direction of the ray with respect 
to the planar surfaces , and it is 
used in solving for RIN and ROUT 
of the planar surfaces 

563 

Units 

Inches 

Inches 

Inches 

Inches 

Inches2 

Inches2 

InchesZ 

Inches 

Inches 

Inches2 

Inches 

Inches2 

Inches 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 
SUBROUTINE TRC 

Symbol or 
Abbreviation 

AMBO 

AMBO A 

CM 

CP 

DEN 

DISC 

Fl 

H(3) 

HH 

IH 

INTRl 

INTR2 

INTSEC 

Equivalent in 
Math 
Model 

,).' 

'A'/T 

T 

2 ). -u 

H 

Definition 

Coefficient, >.. ', of 2S from 
equation TS2-2.>.'S+~'=O 

Coefficient, , of 2S from 
equation s2-2'AS+v=O 

Temporary storage location of RIN 
for a planar surface 

Temporary storage location of 
ROUT for a planar surface 

2 
Coefficient~T, of S from 
equation TSL-2'A'S+~'=O 

Quantity under the radical of the 
quadratic equation used in solving 
for RIN and ROUT on the quadratic 
surface 

Variable used t o determine if an 
intersect lies within the bound
aries of the TRC 

x, y, and z coordinates of height 
vector H 

Dot product of height vector 
CH·H) 

Pointer to the coordinates of the 
height vector 

Counter for counting the number 
of intersects for RIN 

Counter for counting the number 
of intersects for ROUT 

Counter for counting the number 
of valid intersects 

564 

Units 

ND 

Inches 

Inches 

Inches 

ND 

2 Inches 

Inches 

Inches 

2 Inches 

ND 

ND 

ND 

ND 



TN 4565- 3- 71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE TRC (Cont inued) (SIMULATI ON MODEL) 

Symbol or 
Abb r evi ation 

IRB 

IRTOP 

IV 

LOC 

PVPV 

Rl 

R2 

RB 

RBRTVP 

RT 

RTRB 

SD 

UM 

Equivalent in 
Math 
Model 

(V- XB) 
2 

ll ' /2>..' or 

>..+h 2_1l 

ll ' 

Definition 

Pointer to the value of the 
radius of the base 

Pointer to the value of the 
radius of the top 

Pointer to the coordinates of 
the vertex 

Location of the pointers to the 
radii of the top and bottom of 
the TRC 

D_£t___E._roduct of vector (V-XB) 
(V-XB) 

Temporary storage location of RIN 
or ROUT for the quadratic surface 

Temporary storage location of RIN 
or ROUT for the quadratic surface 

Radius at vertex V 

Portion of the constant ter m 
used in solving the quadratic 
equation 

Radius at V+H 

Difference between the radius of 
the upper base radius and the 
radius of the lower base 

Value ~from the expression 

s = .A+f.A2_\J 

Value of the constant term from 
the quad r atic equat ion 
TS2-2.A'S+).I'=O 

565 

Units 

ND 

ND 

ND 

ND 

2 Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

ND 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE TRC (Concluded) 
Symbol or 

Abbreviation 

UM\J 

V(3) 

VlXBl 

V2XB2 

V3XB3 

VPH 

VPHHH 

VPW 

WH 

Equivalent in 
Math 
Model 

v 

V -XB 
X X 

V -XB y y 

V -XB z z 

(~-!B)· H 
+H·H 

(V-XB) ·WB 

WB ·H 

(SIMULATION MODEL) 

Definition 

~=~ ' /T from the equation 
s2-2AS-+iJ•O 

x, y, and z coordinate of the 
vertex V 

x component of vector (V-XB) 

- -y component of vector (V-XB) 

z component of vector {V-XB) 

Dot product of vector (V-XB) 
and height vector H 

Sum of dot product of vec~or 
(V-XB) and height vector H pl~s 
dot product of height vector H 

Dot product of vector (V-XB) and 
direction cosines of the ray 

Dot product of direction cosines 
of the ray and height vector H 

566 

Units 

ND 

Inches 

Inches 

Inches 

Inches 

2 Inches 

2 Inches 

Inches 

Inches 



SUBROUTINE ELL 

Symbol or 
Abbreviation 

Al 

A2 

AA 

ALAMl 

ALAMD 

Bl 

B2 

BB 

c 

DlXl 
DlY 
DlZ 

D2Xj 
D2Y 
D2Z 

DISCRM 

FOCIA(3) 

FOCIB(3) 

IRR 

IVl 

TN 4565-3-71 Vol II 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL ) 

Equivalent 
Math 
Model 

- -
2 Dl · WB 

- -2 D2 . WB 

B 

X 

B2-l 

(DI) 2 

(Dz)2 

A 

c 

Dl 

D2 

F a 

in 
Definition 

- -
Vector dot product 2 D1 . WB 

- -
Vector dot product 2 D2 • WB 

= 
Second term of Equation (64) 

Coefficient of quadratic equation 
used to compute RIN and ROUT 

Intermediate variable 

Vector dot product ~ 

Vector dot product Dz2 

First term of Equation (64) 

Length of ellipsoid major axis 

x, y, and z coordinates of XB -
(Foci A) 

x, y, and z coordinates of XB

(Foci B) 

Quantity under radical of quad
ratic equation solution 

x, y, Rnd z coordinates of one of 
the ellipsoid's foci 

x, y, and z coordinates of one of 
the ellipsoid ' s foci 

Location where the ellipsoid's 
major axis length is stored 

Location of the coordinates of 
one of the ellipsoid's foci 

567 

Units 

Inches 

Inches 

ND 

ND 

ND 

Inches2 

Inches2 

ND 

Inches 

Inches 

Inches 

Inches2 

Inches 

Inches 

ND 

ND 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE ELL (Concluded) (SIMULATION MODEL) 

Symbol or Equivalent in 
Abbreviation Math Definition 

Model 

IV2 --- Location of the coordinates of 
the other ellipsoid's foci 

SQRTDI J). 2_~ Square root of (.X2-~) for solving 
for RIN and ROUT 

u ~ Coefficient of quadratic equation 
used to compute RIN and ROUT 

568 

Units 

NO 

Inches 

NO 



SUBROUTINE RAW 

Symbol or 
Abbreviation 

AG 

ASQ(l) 

ASQ(2) 

ASQ{3) 

CM 

CP 

G(l) 

G(2) 

G(3) 

Hl(3) 

H2(3) 

H3(3) 

I 

IHl 

IH2 

IH3 

TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL ) 

Equivalent in 
Math Definition 
Model 

A2Gl + AlG2 Denominator for computing s2 

Ai 

Ai 

Ai 

Gi 

Gi 

Gi 

Dot product H1 · H1 

Dot product H2 · H2 

Dot product H3 · H3 

Intermediate storage location 
for RIN 

Intermediate storage location 
for ROUT 

Dot product WB · H1 

Dot product WB · H2 

Dot product WB • H3 

x, y and z coordinates of vector 
Hl 

x, y and z coordinates of vector 
H2 

x, y and z coordinates of the 
vector H3 

Index used to determine if inter
sections with sides 1 and 3 are 
possible 

Pointer to the coordinates of the 
H1 vector 

Pointer to the coordinates of the 
H2 vector 

Pointer to the coordinates of the 
H3 vector 

569 

Units 

Inches3 

Inches2 

Inches2 

Inches2 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

ND 

ND 

ND 

ND 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE RAW (Concluded) (SIMULATION MODEL) 

Symbol or 
Abbreviation 

IV 

K 

L 

LOC 

PV(l) 

PV(2) 

PV(3) 

PV(4) 

TEMP 

TOP 

V(3) 

XBlVll 
XB2V2 
XB3V3 

Equivalent in 
Math Definition 
Model 

--- Pointer to the coordinates of 
the vertex 

Pi 

Pi 

Pi 

- (P1A2+P 2r\ 1) 

---

AlA2-PlA2-
P2.Al 

-v 

XB-V 

Variable used to determine if 
variables CP and CM have been 
updated with a computed inter
section distance 

Variable used to determine if 
variables CP and CM have been 
updated with the computed inter
section distan~ e 

Index used to retrieve pointers to 
the location of the coordinates 
of the RAW 

Dot product (XB - V) H1 

Dot product (XB - V) B2 

Dot product (XB - V) · H
3 

Part of the numerator for com
puting S2 

Intermediate variable used as 
temporary storage 

Numerator for computing S2 

x , y and z coordinates of the 
vector V 

x, y and z coordinates of the 
vector difference XB - V 

570 

Units 

ND 

ND 

ND 

ND 

Inches2 

Inches2 

Inches2 

ND 

Inches 

ND 

Inches 

Inches 



SUBROUTINE ARB 

Symbol or 
Abbreviation 

AA (I , l) 
AA (1 , 2) 
AA (I , 3) 
AA (I,4) 

D 

I 

J 

K 

Ll 

L2 

LC 

LD 

LOC 

s 

Sl 

S2 

SDEN 

TN 4565- 3- 71 Vol II 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SI MULATION MODEL) 

Equi valent i n 
Math 
Mode l 

Ai 
Bi 
Ci 
Di 

Di 

Si 

Definition 

Coefficients of the equation for 
the ith face of the ARB 

The D coefficient of the ith 
plane equation 

The ith face of the ARB 

The jth face of the ARB 

The kth coordinate (x, y, or z) 

Intermediate variable used to 
store t he face number containing 
the firs t computed intersection 

Intermediate variable used to 
store the face number containing 
the second computed intersection 

Pointer to the coefficients of 
the ith plane 

Pointer to the constant term of 
the ith pl ane 

Index used to retrieve pointers 
t o the ARB constants 

Distance to the intersect for 
the ith face of the ARB 

Distance for the first intersect 
computed 

Distance for the second intersect 
computed 

Denominator of the equa t ion for 
computing the distance to the ith 
f ace of the ARB 

571 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 

Inches 

Inches 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE ARB (Concluded) 
Symbol or 

Abbreviation 

SNUM 

T 

Tl 

XP 

Equivalent in 
Math 
Model 

---

-Xli 

(SIMULATION MODEL) 

Definition 

Numerator of the equation for 
computing the distance to the ith 
face of the ARB 

Intermediate variable used to test 
the equation for computing the 
distance to the ith face of the 
ARB 

Intermediate variable used to test 
the equation for computing the 
distance to the ith face of tbe 
ARB 

x , y' and z coordinates of the 
point of intersec tion on the ith 
plane 

572 

Units 

ND 

ND 

ND 

Inches 



SUBROUTINE TEC 

Symbol or 
Abbreviation 

A 

AA(3) 

ALPHA 

AMBDA 

ASQ 

B 

BB(3) 

BETA 

BSQ 

DEN 

DISC 

F 

TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Equivalent 
Math 
Model 

yR3+Rl(l-y) 

-
M 

WB·N 

in 
Definition 

Semi-major axis of the intersectio1 
ellipse 

x, y, and z components of the 
semi-major axis unit vector of the 
base ellipse 

Distance along the ray from the 
plane of the base ellipse to the 
plane of the top ellipse 

Coefficient of 2S in the equation 
TS2+2AS+lJ=0 

(yR3+Rl(l-y))2 Square of the semi-major axis 
of the intersection ellipse 

yR4+R2(1-y) 

BB 

(v-xl3) ·N 
WB·N 

Semi-minor axis of the inter
section ellipse 

x , y, and z coordinates of the 
semi-minor axis unit vector of the 
base ellipse 

Distance along the ray from start 
point XB to plane of base ellipse 

(yR4+R2(1-y)) 2 Square of the semi-minor axis of 
the intersection ellipse 

T Coefficient of s 2 in the equation 
TS2+2t.S+w:;O 

Value under the radical of the 
quadratic equation used in solving 
for RIN and ROUT on the quadratic 
surface 

Intermediate variable used for 
determining if an intersect e ither 
lies between the two planes, or 
lies within the ellipse of a plane 

573 

Units 

Inches 

Inches 

Inches 

ND 

2 Inches 

Inches 

Inches 

Inches 

2 Inches 

ND 

ND 

Inches 
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LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE TEC (Continued) 

Symbol or 
Abbreviation 

Fl 

F2 

GAMMA 

H(3) 

HDA 

HDB 

HDN 

HN(3) 

I 

IA 

IH 

IN 

IRl 

Equivalent in 
Math 
Model 

(v-xii) ·N 
H·N 

H 

H·A 

H· B 

H·N 

N 

(SIMULATION MODEL) 

Definition 

Distance from the center of the 
top or base ellipse to the inter
section along the A axis 

Distance from the center of the 
top or base ellipse to the inter
section along the B axis 

Ratio on normal of height of hit 

x, y, and z co~ponents of the 
height vector H 

Qot product of the height vector 
H and the semi-major axis unit 
vector A of the base ellipse 

Qot product of the height vector 
« and the semi-minor axis unit -
vector B of the base ellipse 

Qot product of the height vec~or 
H and the normal unit vector N 

x, y , and z compone~ts of the 
normal unit vector N 

Variable used to count the inter
sects with the plane surfaces 

Pointer to the coordinates of the 
semi-major axis unit vector 

Pointer to the coordinates of the 
height vector 

Pointer to the coordinates of the 
normal unit vector 

Pointer to the coordinates of the 
semi-major axis radius of the 
base ellipse 

574 

Units 

Inches 

Inches 

ND 

Inches 

Inches 

Inches 

Inches 

Inches 

ND 

ND 

ND 

ND 

ND 
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LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE TEC (Continued) 
(SIMULATION MODEL) 

Symbol or 
Abbreviat ion 

IR2 

IR3 

IV 

LI 

LO 

LOC 

Rl 

R2 

R2SQ 

R3 

R4 

RR 

s 

Equivalent in 
Math Definition 
Model 

--- Pointer to the coordinates of the 
semi-minor axis radi.us of the 
base ellipse 

--- Pointer to the value of the ratio 
of the base ellipse to the top 
ellipse 

--- Pointer to the coordinates of the 
vertex 

Rl 

R2 

R3 

R4 

RR 

Temporary storage location for 
surface number of RIN for a 
planar surface 

Temporary storage location for 
surface number of ROUT for a 
planar surface 

Pointer to the location of TEC 
data in the ASTER array 

Length of the semi-major axis 
of the base ellipse 

Length of the semi-minor axis 
of the base ellipse 

Square of the length of the semi
minor axis of the base ellipse 

Length of the semi-major axis 
of the top ellipse 

Length of the semi-minor axis 
of the top ellipse 

Ratio of the larger to the 
smaller ellipse 

Temporary storage location for 
RIN and ROUT when verifying 
i n tersections 

575 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 

Inches 

2 
Inches 

Inches 

Inches 

ND 

Inches 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 
SUBROUTINE TEC (Continued) 

Symbol or 
Abbreviation 

Sl 

S2 

SI 

so 

T 

Tl 

T2 

TA 

TAl 

TA2 

Equivalent in 
Math 
Model 

+y(H·A) 

Definition 

Temporary storage location for 
the distance to the entry inter
sect for a quadratic surface 

Temporary storage location for 
the distance to the exit inter
sect for a quadratic surface 

Temporary storage location for 
the distance to the entry inter
sect for a plane surface 

Temporary st orage location for 
the distance to the exit inter
sect for a plane surface 

Temporary stora~e location used 
to interchange the values of two 
variables that represent the two 
intersections with the quadratic 
surface 

Value of the quadratic ~quation 
for the smaller root 

Value of the quadratic equation 
for the larger root 

Quantity used in solving the 
coefficient of 2S, .>. , and in 
solving the constant term, ).J, in 
the equation r s2+2AS+~=O 

a WB·A-H·A Quantity used in solving for the 
coefficients of s2 and 2S in the 
equation TS2+2~S+u=O 

(V-XB)·A-SWB·A Quantity used in solving for the 
co~stant term~ and the coefficient 
TS +2.>.S+).J=0 

576 

Units 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE TEC (Continued) (SIMULATION MODEL) 

Symbol or 
Abbreviation 

TAU 

TB 

TBl 

TB2 

TR2SQ 

TR4R2 

TRR4R2 

UM 

VXB(3) 

VXBDA 

VXBDB 

VXBDN 

Equivalent in 
Math 
Model 

Definition 

(Rl/R2) 2 Square u[ the ratio of t1le length 
of the semi-major axis of the 
base ellipse to the length of the 
semi-minor axis of the base 
ellipse 

(V-XB)-B+y (H·B) Quantity used in solving the 
coefficient of 2S, A, and in 
solving the constant term, ~. in 
the equation TS2+2AStv=O 

aWB•B-H·B 

--- - -(V-XB)·B- WB·B 

(Rl/R2) 2 (R2) 2 

(Rl/R2) 2 

(R2-R4)2 

(Rl/R2) 2
(R2)

2-
(Rl/R2)2(R2) 
(R4) 

V-XB 

(v-XB) ·B 

(V-XB)·N 

Quantity used in solving for and 
A in the equation TS2+2AS+~=O 

Quantity used in solving f or A anc 
~ in the equation TS2+2 A S+~=O 

Quantity used in solving for A anc 
~ in the equation TS~2AS+~=O 

Quantity used in solving for T 
in the equation T S2+2A S+~=O 

Quantity used in solving for A in 
the equation TS2+2AS+~=O 

Value of the constant term in the 
equation r s2+2 AS+~=O 

x, y, a~d~ components of the 
vector V-XB 

Dot product of the vector V-XB 
and the_ semi-major axis unit 
vector A of the base ellipse 

Dot product of the vector V-XB 
and the semi-minor axis unit -
vector B of the base ellipse 

Dot product of the vector V=XB 
and the normal unit vector A 

577 

Units 

ND 

Inches 

Inches 

Inches 

2 Inches 

2 Inches 

2 Inches 

ND 

Inches 

Inches 

Inches 

Inches 



TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE TEC (Concluded) (SIMULATION MODEL) 

Symbol or Equivalent in 

Abbreviation Math Definition Units 
Model 

--
WDA WB•A Dot product of the direction ND 

££Sines of the ray unit vector 
WB and ~he semi-major axis unit 
vector A of the base ellipse 

--WBD WB·B Dot product of the direction ND 
cosines of the ray unit vector 
WB and the semi-minor axis unit 
vector B of the base ellipse 

--WDN WB ·N Dot product of the direction ND 
££Sines of the ray unit vector_ 
WB and the normal unit vector N 

578 



SUBROUTINE ARS 

Symbol or 
Abbreviation 

ALPHA 

BETA 

D 

DALPHA 

DB ETA 

DS 

GAMMA 

HIT(20) 

I 

ISURF(20) 

IT 

J 

JSURF 

TN 4565- 3- 71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Equivalent in 
Math 
Model 

1-a-~ 

Definition 

Value of ~ from matrix equation: 
a (U- W)+B (V- W) - S • WB=XB- W 

Value of B from matrix equation : 
~(U-W)+B(V-W)-S ·WB=XB-W 

Denominator of matrix equation : 
a (U- W)+B (V-W) -S • WB=XB-W 

Numerator for solving f or a in 
matrix equation: 

a (U- Wl+B (V-W) -s · WB=XB- W 

Numerator for solving for B in 
matrix equation: 

a (U-W)+B (V-W)-S•WB=XB-W 

Numerator for solving for S in 
matrix equation : 

a (U-W)+B (V-W)-s • WB=XB-W 

Units 

ND* 

ND 

ND 

ND 

ND 

ND 

Valu~of ,Lfro~ e~ati.£_n: ND 
XP=XB+S•WB=a · U+B· V+y · W 

Array for storing i ntersect dis- Inches 
tances (largest to smallest) 
while solving ray intersection 
with ARS 

DO loop index f or hit number ND 

Array for storing intersec ted tri- ND 
angle number of ARS . Positive or 
negative integer for exit or entry 
intersect, respectively 

DO loop index for triangle number ND 
of ARS 

Number of intersec ts save area ND 
when intersect with larger dis-
tance has been found 

Intersected triangle number ND 

*Non-dimensional 
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LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE ARS (Continued) 
Symbol or 

Abbreviation 

L 

LOC 

LOC.ARS 

LOCHTS 

Ll 

L2 

NHIT 

NT 

ORMAL(3,20) 

s 

UW(3) 

VW(3) 

W(3) 

WN(3) 

Equivalent in 
Math 
Model 

WN(3) 

s 

u-w 

v-w 

w 

(SIMULATION MODEL) 

-Definition 

DO loop index for clearing RIN/ 
ROUT ARS section of ASTER array 

Units 

ND 

Pointer for data in ARS section of ND 
ASTER array 

Pointer to beginning location of 
ARS data in ASTER array 

Pointer to location of hit table 
in ASTER array 

Lower limit of DO loop for clear
ing hit table in ASTER array 

Upper limot of DO loop for clear
ing hit table in ASTER array 

Number of intersects of current 
ray with ARS 

Total number of possible combina
tions of points that could form 
triangles on ARS surface 

Intermediate storage array for 
storing normal coordinates to 
intersected triangle 

Distance from current or1g1n of 
ray to intersected triangle 

Array f£r_storing coordinates of 
vector U-W for computed triangle 

Array f£r_storing coordinates of 
vector V-W for computed triangle 

Array for storing coordinates of 
vector W for computed triangle 

Array for storing coordinates of 
normal vector to surface of com
puted triangle 

580 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 

Inches 

Inches 

Inches 

Inches 



'l'N 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE ARS (Concluded) 
(SIMULATION MODEL) 

Symbol or Equivalent in 

Abbreviation Math Definition Units 
Model 

--
WXB(3) W- XB Array for storing ~oordinates of Inches 

vector from point W of computed 
.!E.iangle to current origin of ray, 
XB 

581 



TN 4565-3-71 Vol II 

SUBROUTINE TOR 

Symbol or 
Abbreviation 

COEF(4) 

I 

IN 

!Rl 

IR2 

IV 

LOC 

NR 

Rl 

RlSQ 

R2 

R2SQ 

RSAVE 

RT(4) 

T 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Equivalent in 
Math 
Model 

B,C,D,E 

Definition 

Four-element array for coefficient! 
of quadratic equation 

Index for RT array 

Location of coordinates of normal 
of torus in ASTER array 

Location of major radius of torus 
in ASTER array 

Location of minor radius of torus 
in ASTER array 

Location of coordinates of center 
of torus in ASTER array 

Location of packed word with radii 
of torus 

Number of real intersects with 
torus 

Major radius of torus 

Square of major radius of torus 

Mi~or radius of torus 

Square of minor radius of torus 

Scalar quantity for shifting 
(XB-V) along ray to insure correct 
solution of quartic equation 

Four-element array for roots of 
quartic equation 

Temporary storage location for 
exchanging values in two other 
storage locations 

582 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 

2 Inches 

Inches 

Inches2 

ND 

Inches 

Inches 
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LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE TOR (Concluded) 

Symbol or 
Abbreviation 

TERM 

WON 

XBC{3) 

XBCDN 

XBCDW 

XBCXBC 

XN(J) 

Equivalent in 
Math 
Model 

{XB- C) 

(XB-C) 
2 

n 

(SIMULATION MODEL) 

Definition 

Intermediate value for solving 
coefficients of quartic equation 

Dot product of normal with direc
tion cosines of ray 

Coordinates of vector from center 
of torus to ray origin 

Dot product of vector from center 
of torus to ray origin with 
normal to torus 

Dot product of vector from center 
of torus to ray origin with 
direction cosines of ray 

Dot product of vector from center 
of torus to ray origin with itself 

Coordinates of unit normal vector 
of torus 

583 

Units 

2 Inches 

Inches 

Inches 

Inches 

Inches 

2 Inches 

NO 
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SUBROUTINE QRTIC 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or 
Abbreviation 

A 

ASQ 

B 

BSQ 

C(4) 

ClSQ 

DISC 

I 

N 

NN 

R(4) 

REAL 

ROOT 

Equivalent in 
Math 
Model 

J!i: -b + 2w 

2 
a 
4-b+2w 

a,b,c,d 

See Equations 
(203) and (204 

X 1,2,3,4 

- ~ + e 
2 -

2 

Definition 

2 
Square root of coefficient of X 
of biquadratic equation 

2 
Coefficient of x of biquadratic 
equation 

Square root of constant term of 
biquadratic equation 

Coefficient of constant term of 
biquadratic equation 

Coefficients of quartic equation 

3 Square of coefficient of x of 
quartic equation 

Discriminate of quadratic 
Equations (203) and (204) 

DO loop index for number of roots 
from cubic equation 

Number of real roots 

Number of real roots in cubic 
equation 

Array for storing roots of 
quartic equation 

Real part of quadratic equation 

Real root of cubic equation 

584 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

2 Inches 

ND 

ND 

ND 

ND 

Inches 

ND 
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LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE QRTIC (Concluded)(SIMULATION MODEL) 

Symbol or Equivalent in 

Abbreviation Math Definition 
Model 

RR(3) --- Three- element array with roots 
of cubic equation 

SQROOT 't}Drsc Radical part of quadratic equation 

T 2 Part of ASQ a 
b - -4 

TWOAB aw - c Coefficient of x of biquadratic 
equation 

585 

Units 

ND 

Inches 

ND 

ND 
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SUBROUTINE CUBIC 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Symbol or 
Abbreviation 

A 

AB 

ACU 

B 

BCU 

c 

ClSQ 

C3 

DISC 

HALFQ 

N 

p 

PHI3 

Q 

Equivalent in 
Math 
Model 

3~ q 
'(- <:!. + IQ 

2 

A+ B 

-.:!.. + IQ 
2 

3 q 
/-:i_;q 

2 

q ro -2-

a, b, or c 

a2 

a 
3 

4p3 + 27q2 

q/2 

--

2 
b - ~ 

3 

cp/3 

3 2 

(t) + (~) 

Definition 

Expression for solving the cubic 
equation for one real root and 
two conjugate complex roots 

Expression for solving the cubic 
equation for one real root and 
two conjugate complex roots 

Quantity under the radical of A 

Expression for solving the cubic 
equation for one real root and 
two conjugate complex roots 

Units 

ND 

ND 

ND 

ND 

Quantity under the radical of B ND 

Coefficients of 
constant term 

2 
X ' x, and the ND 

2 Square of the coefficient of x ND 

Value of the constant term of the ND 
cubic equation 

Expression for solving for Q ND 

One-half the value of Q NO 

Integer variable that represents NO 
the number of real roots in the 
cubic equation 

Expression for solving for Q 

One-third the angle 

Expression used to solve for A 
and B 

586 

ND 

Radians 

ND 
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LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 
SUBROUTINE CUBIC (Concluded) 

Symbol or Equivalent in 

Abbreviation Math Definition 
Model 

R(l) ~ Argument for passing real root 
cubic equation 

R(2) x2 Argument for passing real root , or 
real part of complex root 

R(3) x3 Argument for passing real root, or 
imaginary part of complex root 

SQROOT IQ Expression used to solve for A 
and B 

T 1- p/3 Expression for solving for three 
real roots with two equal roots 

TT 2./- p/3 Expression for solving for two 
equal roots when there are three 
real roots 

587 

Units 

Nn 

ND 

ND 

ND 

NO 

NO 
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SUBROUTINE UN2 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or Equivalent in 
Abbreviation Math 'Definition 

Model 

I3 --- Packed word from the Lth word of 
the MASTER array 

Jl --- Integer data item in the 15 bits 
previous to the last 15 bits of 
the two-item packed word 

J2 --- Integer data item in the last 
15 bits of the two-item packed 
'-1ord 

L --- Pointer to the location in the 
MASTER array of the packed word 

588 

Units 

ND 

ND 

ND 

ND 



SUBROUTINE UN3 

Symbol or 
Abbreviation 

I2 

I3 

Jl 

J2 

J3 

L 

TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Equivalent in 
Math Definition 
Model 

--- Packed word containing only Jl 
and J2 after J3 has been shifted 
out 

--- Packed word from the Lth word of 
the MASTER array 

-- Integer data item in the six bits 
previous to the six bits of J2 

-- Integer data item in the six bits 
previous to the last 15 bits of J3 

-- Integer data item in the last 15 
bits of the packed word 

-- Pointer to the location in the 
MASTER array of the packed word 

589 

Units 

ND 

ND 

ND 

ND 

ND 

ND 
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SUBROUTINE OPENK 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or 
Abbreviation 

!2 

13 

Jl 

J2 

J3 

L 

Equivalent in 
Math 
Model 

Definition 

Packed word containing only Jl 
and J2 after J3 has been shifted 
out 

Packed word from the Lth location 
of the ITR array 

12 bits of the left integer data 
item of the packed word 

Middle 12 bits of the integer data 
item of the packed word 

Integer data item in the last 12 
bits of the packed word 

Pointer to the location in the 
ITR array of the packed word 

590 

Units 

NO 

NO 

NO 

NO 

NO 

NO 



SUBROUTINE RAN 

Symbol or 
Abbreviation 

RAN 

TN 4565-3-71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Equivalent in 
Math Definition 
Model 

--- Random number between zero and 
one returned by Function URAN31 

591 

Units 

ND 
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SUBROUTINE URAN31 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or Equivalent in 
Abbreviad on Math 

Model 
Definition 

Al --- Temporary fixed point storage 
location for computing the random 
number 

I --- Integer variable that represents 
the argument of the function 

J --- Temporary integer storage location 
used for computing the random 
number 

URAN31 -- Value of the random number 
between zero and one 

592 

Units 

ND 

ND 

ND 

ND 



SUBROUTINE CROSS 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

TN 456.5-3-71 Vol II 

Symbol or Equivalent in 

Abbreviation Math Definition Units 
Model 

ANSWER(3) --- Three-element array for the Inches 
coordinates of the resultant 
vector from the cross product of 
two other vectors 

FIRST(3) -~ Three-element array for the Inches 
coordinates of the first argument 
vector 

SECOND(3) -- Three-element array for the Inches 
coordinates of the second argument 
vector 

593 
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SU,BROUTINE DOT 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Symbol or Equivalent in 
Abbreviation Math Definition 

Model 

DOT --- Resultant scalar quantity from 
the dot product of two vectors 

FIRST(3) --- Three-element array for the 
coordinates oi the first argument 
vector 

SECOND(3) -- Three-element array for the 
coordinates of the second argument 
vector 

594 

Units 

Inches 2 

Inches 

Inches 
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LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE UNIT 
(SIMULATION MODEL ) 

Symbol or Equivalent in 

Abbreviation Math Definition Units 
Model 

TEMP --- Scalar length of the vector Inches 

V(3) 
1 

Coordinates of either the original Inches ---
vector or the resultant unit 
vector 

595 
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SUBROUTINE XDIST 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or Equivalent in 
Abbreviation Math 

Model 
Definition 

XDIST --- Distance between the two given 
points 

XSUM --- Tempor ary s to r age a rea for sum-
ming t he coor dinat e distances 
between t he two points 

XA(3) --- Three-element array for the 
coordinates of the first point 

XB(3) --- Three-element arr ay for the 
coordinates of the second point 

596 

Units 

Inches 

I n ches 2 

Inches 

Inches 



SUBROUTINE DCOSP 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

TN 4565-3-71 Vol II 

Symbol or Equivalent in 

Abbreviation Math 
Model 

Definition Units 

DIS --- Scalar distance between points Inches - -
XA and XB 

WA(3) --- Three-element array for the Inches 
direction cosines or unit vector 
coordinates of the vecc:or from -paint XA to XB 

XA(J) --- Three-element array for the Inches 
coordinates of the first point 

XB(3) --- Three-element array for the Inches 
coordinates of the second point 

5!J7 
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SUBROUTINE TROPIC 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or 
Abbreviation 

CSPHI 

CSTHT 

SNPHI 

SNTHT 

T 

WP(3) 

Xl 

X2 

XlS 

X2S 

Equivalent in 
Math 
Model 

---

--
---

---
--

---

---

---
---

---

Definition 

Cosine of a random angle 4> 

Cosine of a random angle e 

Sine of a random angle ~ 

Sine of a random angle e 

Sum of the squares of two random 
numbers that is less than or equal 
to 1.0 

Three-element array containing the 
direction cosines of a random 
angle 

Random number between zero and one 

Random number between zero and one 

Square of random number Xl 

Square of random number X2 

598 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



SUBROUTINE S 

Symbol or 
Abbreviation 

I 

L 

LL 

N 

s 

TN 4565-3- 71 Vol II 
LIST OF SYMBOLS AND ABBREVIATIONS 

(SIMULATION MODEL) 

Equivalent in 
Math Definition 
Model 

--- Ntnnber of the RPP 

--- Location of the pointer 
a given side of a given 

data for 
RPP 

--- Location of the coo r dinate for a 
given side of a given RPP 

--- Surface number of the RPP 

--- Coordinate of the given side of 
the given RPP ntnnber 

599 

Units 

ND 

ND 

ND 

ND 

ND 
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SUBROUTINE RPP2 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

Symbol or 
Abbreviation 

I 

Il 

12 

IRP 

J 

LOC 

LOCAT 

LS 

LSURF 

M 

NC 

XP 

Equivalent in 
Math 
Model 

Definition 

Index for a DO loop to test each 
potential abutting RPP 

Number of a potential abutting RPP 
unpacked from the left position of 
the two-item packed word in the 
abutting RPP section 

Number of a potential abutting RPP 
unpacked from the left position of 
the two-item packed word in the 
abutting RPP section 

Number of the potential RPP, or 
the RPP number returned to the 
calling program 

Index to represent an x, y, or z 
coordinate in a DO loop 

Variable used to represent the 
location of abutting RPP's in the 
MASTER array 

Pointer to the location of the 
abutting RPP list in the MASTER 
array 

Control variable used to prevent 
a specific intersect coordinate 
from being tested with its 
respective plane coordinate 

Surface number of the RPP where 
the intersect occurs 

Control integer used to determine 
which of two packed abutting 
RPP ' s is to be tested 

Total number of abutting RPP's 

Coordinates of the intersect 

600 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 
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LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE (VOLUM) (SIMULATION MODEL) 

Symbol or 
Abbreviation 

DOD 

DSP 

DT 

IRl 

IRJ 

IRPRIM 

J 

Jl 

JIR 

Jl 

N2 

51 

SIJMV 

TESTON 

TESTOV 

VASTER 

VR 

WAB 

Equivalent in 
Math 
Model 

Definition 

Horizontal dimension of cell on 
front plane of box 

Vector from first ray origin to 
second ray origin in given column 

Vertical dimension of cell on 
front plane of box 

Region number of pre-computed 
volume 

Region number save area 

Region number returned by Sub
routine Gl 

Index for column or plane number 

Index for x, y, or z coordinate 

Region number ~ave ar~a 

Number of vertical cells 

Number of horizontal cells 

Distance to next region returned 
by Subroutine Gl 

Sum of the computed volumes in box 

Vertical dist~nce to next region 

Horizontal distance to next region 

Array for accumulating ray distance 
through each region within box 

Pre-computed volume of given region 

Direction cosines of vector from 
plane to back plane of box 

601 

Units 

Inches 

Inches 

Inches 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Inches 

3 Inches 

Inches 

Inches 

Inches 

3 Inches 

ND 
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LIST OF SYMBOLS AND AB BREVIATI ONS 
SUBROUTINE (VOLUM) (ConcludeJfiMULATION MODEL) 

Symbol or Equivalent in 
Abbt:eviation Math Definition 

Model 

WOB --- Direction cosines of horizontal 
vector from vertex acr oss f r ont 
plane of box 

WTB --- Direction cosines of vertical vee-
tor from vertex across front plane 
of box 

XA(3) --- Coor dinates of point on back plane 

X0(3) --- Coordina t es of lower left corner 
of front plane of box 

XP(J) --- Coordinates of intersect with 
next region 

XPERC -- Percent error of computed volume 
and pre-computed volume of given 
region 

XT(3) --- Coordinates of upper right corner 
of front plane of box 

XTEMP(3) --- Temporary storage for direction 
cosines 

XV(3) --- Coordinates of vertex of box 

XVDIS --- Distance from front pl ane to back 
plane of box 

602 

Uni t s 

ND 

ND 

Inches 

I nches 

Inches 

ND 

Inches 

ND 

Inches 

Inches 



SUBROUTI NE AREA 
Symbol o r 

Abbreviation 

A 

AR 

AREAC 

AREAUN 

BLANK 

CA 

CE 

CELL2 

CELL UN 

CONVRT(l 1 l) 

CONVRT (1,2) 

CONVRT ( 1, 3) 

CONVRT (1 , 4) 

TN 4565- 3- 71 Vol II 

LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATI ON MODEL) 

Equivalent in 
Math 
Model 

A 

a 

---

cos a 

cos fl 

D/2 

Defini t ion 

Azimuth angle of grid plane 

Azimuth angle of grid plane 

Area of cell in grid pl ane 

Measurement units of presented 
area 

Two Hollerith blanks 

Cosine of azimuth angle 

Cosine of elevation angle 

Half the dimension of a cell side 

Measurement units of cell 

Conversion factor for converting 
square inches to square inches 
(= 1) 

Conversion factor for converting 
square inches to square feet 
(= 0 .006944444444444) 

Conversion factor for convering 
square inches to squar e centi
meters (= 6 . 451625806) 

Conversion factor for converting 
square inches to square meters 
(= 0.0006451625806) 

603 

Units 

Degrees 

Radians 

Inch2s 
2 , 

Feet , 
Centi-
meters2, or 
Meters2 

ND 

ND 

ND 

ND 

Inches, 
Feet , 
Centi-
meters, or 
Meters 

ND 

ND 

ND 

ND 

ND 
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LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE AREA (Continued) (SIMULATION MODEL) 

Symbol or Equivalent in 

Abbreviation Math Definition Units 
Model 

CONVRT(2,1) --- Conversion factor for converting ND 
square feet to square inches 
(= 144) 

CONVRT(2,2) --- Conversion factor for converting ND 
square feet to square feet 
(= 1) 

CONVRT(2, 3) --- Conversion factor for converting ND 
square feet to square centimeters 
(= 929.0341 161) 

CONVRT(2,4) --- Conversion factor for converting ND 
square feet to square meters 
(= 0.09290341161) 

CONVRT(3,1) --- Conversion factor for converting ND 
square centimeters to square 
inches (= 0 .15499969) 

CONVRT(3, 2) -- Conversion factor for converting ND 
square centimeters to square feet 
(= 0.001076386736) 

CONVRT(3, 3) -- Conversion factor for converting ND 
square centimeters to square 
centimeters (= 1) 

CONVRT(3,4) --- Conversion factor for converting ND 
square centimeters to square 
meter·s (= 0.0001) 

CONVRT(4,1) -- Conversion factor for converting ND 
square meters to square inches 
(= 1549 .9969) 

jCONVRT( 4, 2) --- Conversion factor for converting ND 
square meters to square feet 
(= 10.7636736) 

~ONVRT(4,3) --- Conversion factor for converting ND 
square meters to square centi-
met:ers (= 10000) 

604 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(SIMULATION MODEL) 

SUBROUTINE AREA (Continued) 

Symbol or 
Abbreviation 

CONVRT( 4, 4) 

E 

ENGTH 

ER 

GROUND 

HHBB 

HHCM 

HHFT 

HHIN 

HHMB 

I 

I CODE 

I DENT 

IH 

II 

IRPRIM 

IRSTRT 

Equivalent in 
Math 
Model 

E 

ENGTH 

6 

Definition 

Conversion factor for converting 
square meters to square meters 
(= 1) 

Elevation angle of grid plane 

Back-off distances or origin from 
grid plane 

Elevation angle of grid plane 

z coordinate of ground l evel 

Two Hollerith blanks for testing 
for blank fields on card 

Hollerith code for centimeters 
(CM) 

Hollerith code for feet (FT) 

Hollerith code for inches (IN) 

Hollerith code for meters (M) 

Index for representing component 
code 

Component code of region material 

Identification code of region 
material 

Random number for computing 
random horizontal point in given 
cell 

Variable for representing row 
number of grid cell 

Next region number returned by 
Subroutine Gl 

Starting region of grid rays 

605 

Units 

ND 

Degrees 

Inches 

Radians 

Inches 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

------------------------------------------------------------------- ---- -
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LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE AREA (Continued) (SI MULATION MODEL) 

Symbol or 
Abbrevia t ion 

IV 

J 

KK 

KL 

LAREA 

LA REAl 

LOC 

NHIT 

NSTART 

NX 

NY 

RADIAN 

SA 

SE 

SUMA 

TYPEUN(4) 

Equivalent in 
Math 
Model 

N 
X 

N y 

R 

Sin a 

Sine 

Definition 

Random number for computing 
random vertical point in given 
cell 

Variable for representing column 
number of grid cell 

Index for representing cell 
number of grid 

Total number of cells in grid 

Beginning location of presented 
areas indexed by component code 

Last location of presented areas 
indexed by component code 

Location of specific data in 
MASTER-ASTER array 

Number of rays that hit target 

Beginning grid cell number 

Number of hori zontal cells in 
grid plane 

Number of vertical cells in grid 
plane 

One degree expressed in radians 

Sine of azimuth angle 

Sine of elevation angle 

Total presented area of target 

Four-element array containing 
Hollerith codes IN, FT , CM, and 
M, respectively 

606 

Units 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Radians 

ND 

ND 

2 Inches , 
Feet2 , 
Centi
meters2,or 
Meters2 

ND 
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LIST OF SYMBOLS AND ABBREVIATIONS 

SUBROUTINE AREA (Concluded) (SIMULATION MODEL) 

Symbol or 
Abbreviation 

WB(3) 

WP(3) 

XB(3) 

XBS(3) 

XSHIFT 

YSHIFT 

ZSHIFT 

Equivalent in 
Math 
Model 

WB 

XB 

X 
p 

XSHIFT 

YSHIFT 

ZSHIFT 

Definition 

Direction cosines of ray 

Isotropic random direction cosines 
returned by Subroutine TROPIC 

Coordinates of origin of ray 

Coordinates of original posi t ion 
of origin on grid cell before 
back-off 

Distance target origin and grid 
plane center is effectively 
shifted in the X direction 

Distance target origin and grid 
plane center is effectively 
shifted in the Y direction 

Distance target origin and grid 
plane center is effectively 
shifted in the Z direction 

607 

Units 

ND 

ND 

Inches 

Inches 

Inches 

Inches 

I nches 



TN 4565-3-71 Vol II 

TESTG 

LIST OF SYMBOLS AND ABBREVIATIONS 
(S IMULATION MODEL) 

Symbol or Equivalent in 
Abbreviation Math 

Model 
Definition 

IRAY --- Index for number of rays to be 
processed 

IRFIN --- Region number of end point 

IRSTRT --- Region number of starting point 

NRAYS --- Total number of rays to be 
processed 

RANGE --- Distance between two points 

Sl -- Distance to next region 

XBF --- Coordinates of end point 

XP --- Coordinates of intersect with next 
region 

608 

Uni ts 

ND 

ND 

ND 

ND 

Inches 

Inches 

Inches 

Inches 
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SECTION IV 

SOURCE LISTING 

SIMULATION SOURCE DECK 

This section contains a listing of the FORTRAN statements that make up 
the program deck (Figures 74 through 114). 

SAMPLE PROBLEM DECK 

Fi gure 115 shows a listing of the sample problem deck data. A descrip
tion of the sample problem is contained in Volume I. User Manual. 

609 
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c 

c 

OlMENSJON A.l6) 
DIMENSION MASTERilOOOOJ 
COMMON ASTEAilOOOOI 
cnNNON/GEOMILBASEeRINtAOUTtLRitL~O,PtNFtlfAAtOIST 
cOM~ON/UNCGE"/NRPPtNTRIPtNSCALt~BOO~tNRMAXtLTR!PtLICALt~AEGOt 

1 LOATAtLAINtLROTeLI0•L0CDAtil5tllO•L90DYtNASttKLOOP 
C0NMON/TEMPOA/XSC~J,X161tiXC8ltiTC10JtlA(9JtlNC9J 
COMNON/WALT/LIAFOtNGlEAR 
CONMON/CONTRL/ITESTGtlAAYSKti!NTLVelVOLUMtlWOTtlTA,PEaeNOtiY!S 
tOM~ON/ENGEOM/LEGEON 
C01141140NISIZEINOQ 
cONNON/EAR/I[RRo 
COM~ON/AANOM/IRANOM 
[QUIVALENCE IASTEAtMASTERJ 

901 FOAMATC1M1el2MTHIS IS THE 11 APR 69 VEASIO~ Or I 
1 lH •1zHTME BRLESC MAGIC PROGRAM •••••• // J 

902 ,ORMATC16H &EGlN EXECUTION> 
903 FORMATC8llOJ 
9o4 FORMATCtHOtlOXt42HTHE TAPE 4 US!O FUR THIS RUN HAS THE TITLE I 

1 10A611 
905 FORHATCtHOtlOHENTEA GENIJ 
906 FORMATC}M0el2HLEAVING GENt) 
90T F~RMAT(}MQtJ~HT[RMlNATION ON GEOMETRy INPUT EAROAe!XtsHlERR•tlSJ 
90~ FORMATC}Hltl5HTESTG IS CALLEDJ 
909 FOAMATilHOtl3HLEAVINO TESTGJ 
910 'ORMATI1Hlt24HREGION TYPE DATA F0LL0WSt &Xt6HLlRFO••llOI 

1 tH t6HREGtONe6Ke4MCOOE•6~t4HTYPEt6Xtl1HOEScRlPT10N/J 
91) FOR~ATCJllO•lOX•6A61 
912 '~RMATCI6tllO•I9t7Xe6A6J 
9l3 FOAMA,TCtHO•ZJHNO ROOM ~OR IDENT TABLE•s••THLEGE0M•tl7t5lt 

1 6HLIRFO•tl71 
914 F0RMATllHOt32HWRITE TAPE 1 OPTION IS SPEClFlEO) 
91! FORN~T ( l5tlOXtlOA& J 
916 FORMAT(lHl•llMENTEH VOLUM) 
91T FnRNAT(}HO•lJHLEAVINO VOLUMJ 
919 FOR~ATilH t6H 999.9) 
919 FORMAT(}HltllHENO OF CA5Etl5l 
925 'ORMAT(1Ml•32HNUM OF ASPECT ANGLES ~OR GRID 1Stl5) 
921 fORMATI1015) 
9~8 F0RMATI1Mlt32HNUM OF ASPECT ANGLES fOR AREA lStlSI 
929 FOR~AT11HOt31HNUMBER OF Gl ERRORS ENcOUNTEREOti!J 
9Jn FnRMAl ( 1HOt3l~NUMe£R OF 0 ITEMS fNcOUNTEAEOtl5J 
999 FORMATll~O•lOH[NO OF RUN) 

tRANDM•O 
wRIT[ (6t90ll 
WRITE (6t902l 

~l lNITlALlZE CONSTANTS 
c 

11 !5•2••15 
IJo•z••Jo 
PINF•loOE5o 
IIIO•o 
IV!S•l 
l!AR•o 

FIG. 74 . Source Listing, MAIN Routine 
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c_ 
~2 
c 

c 
Cl 
c 

~ 

L8~SE•t 
I(LOOP•o 
NDQ•loooo 
ENTER AND INITIALIZE OPTION PAAAMETlAS 

TN 4565-3-71 Vol I I 

READ C!t90J)JROTP4tiWRTP4tlTESTG•lRAYSKtiCAADitltNTLVtlVOLUN 
I~CIADTP4eNEoOIIAOTP4•IYES 
lFCJWATP4oNE•OIIWRTP4•IY£S 
J~CIT!!TG.NEooiiTESTG-tYES 
IFCJAAVSKoNEoOIIAAYSK•IYES 
JFCJC&ROloN[oOllCAAOI•IY£5 
J~CJENTLVeNEoOIIENTLV•IYES 
I'CIVOLUMeNEoOIIVOLU"•JYES 

ENTER TARGET GEOMETRY FAO" INPUT TAPE 4 

JFIIROTP4,£Q,N0) GOTO 10 
READ 141 LRA5EtLEGEOM• N00 t ( ASTEHILltL•ltNO~ltL800YtLREGOtLRlN 

l LAOTeLIOt Ll RFOtNRPPoNBOOYoNRMAXtPlNFtiT 
WRITE (6t9041 CITCt l •l•ttlOl 
GC\TO 20 

C4 CLEAR ~ASTEA•ASTER ARRAY 
c 

e 

tO DO 11 t•LBASEtNDQ 
ASTERCJl•O• 

11 CONTINUE 

C~ ENTER &NO PROCESS T&AGET GEOMET~Y Vla SUBROUTINE GENl 
c 

WRITE C6t9051 
CALL G!NI 
WRIT£ C6t906l 
I~CJEAAoLEtOIGOTO 12 
WRIT£ C6t90lll£AA 
!TOP 

c C6 WRITE OUT TARGET GEOMETRY TO OUTPUT TAPE 4 

c 

c . 
C? 
c 

c 
ca 
c 

ti I~CIWRTP4,[Q,NOlGOTO 20 
W~tTE 1~1 L8ASF. eLEGE0MeNOQe ( ASTt~ILieL• l •N0QitL80UYtLAEGOtLRINt 

1 L~OTtLIOeLIRFOeNRPPtN~OOVtNRMAXtPINFtiT 

CALL SUBAOUTJNE T£STG 

20 J'CJT£STG,[Q,NO)GOTO )() 

WAtT[ (6t9o8) 
CALL TESTG 
WAITE (6t9Q9) 
ITESTG•NO 

CALL SUBAOUTIN[ VOLUM 

:to I'ciVOLUMo!OeNO)GOTO 40 
WAIT! 16t916) 
e&LL VOLUt4 

FIG. 74 . (Contd.) 
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c 

III:IITE (6•9171 
IVOLUM•NO 

CQ REGION IOENTlFlCATION DATA FOR~AT ~ I ICOOE I lOENT I C IRN • ~EGlON NUMBE~ 
C !CODE • ITEM cODE 
C IO£NT • SPACE CODE AND SPECIAl. lDENTIFlCAT I ON 
C SPECIAL IDENTIFICATION • lO'ZO'J0•4o•So•b0•7o•8o•9o C NO IOENT CODE•o SKlRT•lO A~MOR•20 TA~GET•Jo C SPACE CODES EXTEHlOH ~O~U"E • l 
C INTER!OH VO~U~E • •lt}-9to••t91·9~ c 

40 LtRFO•NDQ•NRMAX•lO 
t~ILIRFO,GT .l.EGEOMIGOTO 4l 
WRITEI6•91JILEGE0M•l.IRFO 
STOP 

41 WRITE (6t9tolLIRFO 

c ~ 
C\0 E~TER AND STORE AEGJON 10 DATA 
c 

c 

42 REAO(S,9ll)IHN,tCOOE 1 10ENT,cAcl)tl•l 1 6) 
JFIJRN,LEooiGOTO 50 
WRIT£ (6t9t21 lRNt JCODEtlOE·NT' lA (II • 1•1 •6• 
IOENT•tOENT+l 
I(•LIRfO•IRN•t 
MASTERCKI•JcOnE•ItS•l nENT 
GflTO 42 

Ctl NO-A • NUMBE R OF ASPECT ANbl.ES FOR SU~~OVTlNE GRlU C ITAPE8 • SUPPRESS PWINTER OPTlO~ 
C IWOT • wRITE OPTION FOR TAPE 1 
C NAREA • NUMBER OF ASPECT A~bL[S FOR SUBROUTINE AREA c 

c 

c 
C12 
c 

e 

~0 READ (5t9271N0AAtl~OToiTAPE8 t NARl4 
IF(JWOT.NE,OIIWOT•IY[S 
IFIITAPl8oEOooiGOTO 5t 
I TAPER• NO 
GflTO 52 

!1 tTAPEB•IYES 
52 tFIIWOToEQoNOlGOTO 60 

AEllltND 1 
wRITE 16•9141 
WRlTE<t•9lSIN0AA•IITIIItl•t•lol 

~n tFCNOA-·LEooiGOTO 70 · 
WRITE 16•9251N0AA 

CALL SUBROUTINE GRIO ~OR EACH ASPECT ANGLE 

01' 61 t•ltNOAA 
IE~~·o 
IERRo•o 
CALL GRID 
I,CIWOToEQ,IYES)WR1lEI1•9181 
wRITE (6t9}91 I 
wqJTE (6t9291IERR 
WRITE 16•9301 lERRo 

61 CONTINUE 

FIG. 74. (Contd.) 
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10 l'C~AREAaLEeO)GOTO 99 
WAITE C6t928)NAAEA 

t 
C\3 CALL SUBROUTIN[ AREA 'OA UCH ASPEC! ANGt..f 
e 

DO 1l 1•1 t~ARU 
J(RA•O 
CALL A._U 

11 
WAITE C6•919) l 
CO~T!NUE 

c 
99 WAITE (6t999) 

STOP 
END 

c 
c 

FIG. 74. (Concluded) 
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SUBROUTINt GENt 
DINENSlON ITYC11) 1 lANCR>•IAAC81tFX(20)tNSOOC1ll• 

1 NO 0 ( 1 I 'NO 1 ( 3) , N02 ( 3) • 0 4 ( 3) t TT ( l I t TTl C 3) t T T 2 C l) 
DIMENSION MASTEAC}OOOO) 
COM~ON ASTER<lOOOOI 
cnMMON/GEOM/LBAS[tAlNtROUTtLAltLROtPINFtlE~AtOlST 
enM~ON/UNCGEM/NRPPtNTAtPtNSCALtNSOQfeNAMAXtLTRIPtLSCAL•LAEGOt 

l LOATAtLAlNtLROTtLIOtLOCOA•ll!tllO•LBOOYtNASCtKLOOP 
C0MMON/TEMPOA/XSC61tXC&)tlX(BI•l!ClO)tlA(9)tlNC9) 
COMMON/CONTAL/lTESTGtlAAYSKtiENTLVtiVOLUMtiWOTtlTAPE&tNOtiYES 
COMMON/SIZE/NOQ 
C0MMON/UNCLE/NNtiCC4> 
COMMON/ARPP/LRPPOtLABUT 
COMMON/ENGEOM/Lf.GEOM 
[QUtVAL£NCEIA5TERtMAST[A) 

c 
9ol ,nAMATClHOt24HSTAAT A[AOINO SOLID DATAl 
90?. ~ORMATClOA6) 
9o3 'nRMAf(lHOtlOA6/) 
90. FnAMAT<?IlO) 
905 ,ORMATC4XeJ4HNO, 0, RECTANGULAR PARALL£L[PlPEDStlto/ 

l 4Xtl4HNO. Of" SOLIDS tl}OI 
2 4Xtl4HMAX NO. OF REGIONS tl}OI 

90t 'ORM4TClHOt45XtJ2HA£CTANGULAA PARALLELEPIPED INPUT) 
91J 'OR~ATClHOt!OXtZ2HOESCAIPTION OF SOLIDS) 
912 FORMATCJ41•A3•A4t6Fl0•5) 
913 '0AMAT(lH0•6HITYPE tA3tZ7M DOES NOT MATCH WITH AN lTV) 
914 'OA~AT(I9tlKt3Al•JXtA3tA4tJXt815) 
91~ 'ORMAT(I8t}Xt]Alt2XtA3tA4t4Xt6,1Z•51 
9l6 ~OR~AT(25Xt6,l2oS) 
911 'OAMATCtMO•J&HNO MORE ROOM rOR 50~10 DATA LOATA••llOt 

1 5~t5HL80T••llOt5Xe4H~OQ••llO) 
918 ~ORMAT(lHOt25H,lNISH RE401NG SOLID DATA) 
919 'OAMAT(lHOt 5HLR[G0t7H ~AEGLt7H LENLVt?H LAlNt7H LADTt 

_1 . 7H Ll0t7H ~E0£0Mil5t6l7) 
9~0 ,ORMAT(1HltJ6Xt2JHAEGJON COMBINATION DATAl 
9li FnRMATCIStlXt91AZ•I511 
9~2 FORMAT(lHO•lOHERROA IN OEScAIPTION o, A[GI0NtJ5t 

19H IN FIELOtl2tSXt24H900Y NUM,GTeNAPP • N80DYI 
923 ,OAMATC10Xt9ClH(tA2tl5tlH)tlXI) 
9z4 FORMATCI8t2Xt9(}H(tA2el5tlH)tlX)) 
92! 'ORMAT(lHOtJOHILLEGAL OPERATOR IN ABOVE C4AOt5KtA2t 

1 9H IN 'IELD•l2) . 
9l6 ,OAMAT(lHOt29HEAAOA IN REGION INPUT IA••l5tl4H OR NtGT,NAMAX) 
927 ,nAMAT(lHOt39HNO MORE ROOM FOR AtGJON DATA L~ATA•tllOt 

1 5Xt4HNDQ••Il01 
928 'OAMATClHOt26HFlNISH READING REGION DATAl 
9~9 FnRMATC14H [RAORt REGIONtllOtlBH IS PART OF REGIONtllO) 
9JQ 'ORMATC24H ,INISH CHEC~ING REGION tl5) 
931 'ORMATI1HOtJ4HNO MORE ROOM ,OR EN!ER LEAVE TABL£tsX• 

1 6HL04TA••ll0•5Xt4HNDO•Ilo•5Xt4HPASStl2t5XtlHlA•,llO) 
93~ ;oRMATClHOt28HTOT4L ~OON FOR G[OM[TRy OATAt5Xt7HLEGEO"••I61 
933 ,roRMATflHOt5HENTERt18!6/C2JXtt516JJ . . 
934 ~nRMATflH t!HLEAV!•l816/(ZJ••t5161) 
93! FOR~AT(tHlt!OXtl8H8EGtN AHAAY OUTPU!/) 
9]~ ,OR~AT~J(JI6•1XtEll•••!H I )) 

FIG. 75. Source Listing, Subroutine GENI 
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c 
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9]7 FORMATitl 
9]8 FORMAT(}HO•J4HF1NtS~ ~ P~SS OF ENTER L~AVE TABLEtl5) 
940 FOR~AT(}OXt6Fl0•5) 
94i F0RMATCtHOtJ7~TERMl NAT1 0N ON BAD REbJON OESCRIPTlON) 
94~ FORMATI1HO•J2HERROR IN OESCRIPTION OF BODY NUMtl6/ 

l 7~ VECTORtJFl2 •S•24H IS NOT PER~ENOICU~AR TO I 

2 7H VECTORtJFl2•S/l 
943 FOR~AlllH0•27HERROR IN OEStRIPTION OF TORt5Xt 8HRZ,GleRlll 
944 FO.R114AT ( 1HOt27HERROR H I OESCRIPTION Of' TRCt5Xt7HR1 • Rz/1 

945 FORMATI1H0tSHLBASEt7H LHP~Ot 
\ 7H LABUTo7H LB00Y•7H L80Ut7H LDATAt7H LB0Tt7H LSCAL• 

2 7H LTRIPt7H NOQIISt9171 
946 FnRMATI1Hl•t7HENT£R•lEAVf TABLE) 
947 F ORHATClHO•lli2~• AJlllllSl 

948 , nRMATI1H0•27HERROA IN OESC~lPTION OF TECtSXt 
1 41HHEIGHT VECTOR IS PARALLEL To BASE ELLIPSE) 

0~ T A tTY I 1 l ' IT Y C 2 l t t T 'I' I 3 l • IT Y 14 l t lT Y C ~I • I TY 161 t !TY (7) t l TY I 8 I 

l I JHBO~t JHSPHt JHRCCo JHAECt JHTRCt JHELLt JHRAWe ]HAHB 1 

DATA tTY 191 t I TY llol tlTY ( ll I 
1 I JHTEC• JHTOR , ]HARS I 

DATA IAAill •l4A I21•1AAI3ltiAA C4l tlAA I51tUAC6ltlAAI7),tAAI8 > 

1 I ?H t 2HOR t 2H R •2HR t 2H~A t 2HAR t 2H A , 2HA I 

DA TA IAN I 1 I • IAN 12 ) t JAN I 3 l • tAN ( 4) •IAN ( 5) 'I AN I 6 I • I AN ( 1) t I ~N C 8) 

1 I 4• l • l• 1• 2• Z• lt 3 / 

DATA IALI\1'·1 I 

DO 10 1 =loll 
10 NBOOIIlzO 

C2 ENTER AND PRINT OUT TITLE OF THE PAOBLE~ 
e 

WAITE C6e90ll 
A!AOI5t902l llTIII•l•l'!Ol 
WRITE 16t903l1ITCII tl•l•lO l 

8l ENTER AND PRINT OUT THE PROGRAM CON!ROL PARA~ETERS 
c 

c 

REAOI!,904lNRPP,NTRIP,NSCAL,N800Y,NANAX,IPHIN,IRCHfK 
•RtTEI~•90S l ~RPPtN800Y e NR~A~ 

C4 APP 
c 

c 
c~ 

c 

c 
C1 
c 
c 
e 
c 

WAITE r6,9061 
LAR•l 

RPP DATA INPUT 

IFcNRPPoLfoO)GOTO 20 
CALL. APPI"'ILARl 
IFCIERRoGTeOIRETURN 

L.80DY STORAGE RESERVE 3•CNRPP•NBOOYl wORDS 
I BODY NUMBER I LOC OF POINTER To BODY DATA/ 
I REOION ENTER TAB~E POINTER I R[GtON LEAVE TABLE POINTER I 

I NUN REGIONS IN ENTER TABL! I NUM REGIONS IN LEAVE TABLE I 

20 L~OhNOf'J~2 

PIG. 75. (Contd.) 
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c 

L.•L.AR 
L.I300Y•L.•l 
~OATA•L.B00Y•3•1NBODY•NRPPt 
L.BOO•L.DATA 

50 WRlTE (6t911) 
c 
C\0 E~TER DATA ,OR BODY 
c 

51 

5~ 

c 
c 

zoo 
Z'Ol 

ZOl 

ZGl 

2o• 
ltG 

c 

c 
220 

c 
c;• 
c 

ZlO 

c 

on 310 ~•ltNBOOY 
NN•N•NRPP 
L.S1•0 
READC5t9121 ICClltlCl2ltlC131tlTYPE•ICC•It(FXcKitK•lt61 
00 Sl 1•1•11 
IFIITYPEoEO,ITY!ll)GOTO 52 
CONTINUE 
wqiTE C6t91311TYPE 
STOP 
ITYPE•l 
N~OO(l1•NBOOI11•t 
K•L.&OOY•]•I~RPP•N•tl 
M4STERIKI•ITYPE•It5•LDATA 

BOX SP~ RCC REC TRC ELL. RAIIf AR~ TEC TOR ARS 
GnTOIZOl t220•20?•201•20lt202t20l•230t204tZOl•Z40itiTYPE 
LF.•IZ 
G"TO 210 
LF.• 1 
onTo uo 
L£• 8 
GOTO 210 
v ··t l 
W~ITE 16t9tSINNolc l ll•lCizl•lCIJitlTYIITYPEI•lC ( 4)tC,XI~It~•1•61 READ l5tQ40 I IFX I J) • J•7 olE I 
llfRtTE 16•916) I FX (J I •J•7•L.EI 

~OX SPM HCC REC TRC ELL RAW AR~ TEC TOR ARS 
GOTOCZ90tlOO•l00•290tl85e270•290tl00•260t25Ut)OOitiTYPt 

SPM 
WRITE 16 t 9}5) NN' I C l}t •IC 12 I tIC C J I t 1T Y I JTYPl I tIC I • I t CFII C J) t J•l, • J GOTO JOO 

E~TER BODY DATA FOA ARA 

WRITE C 6 t 915 I NN d C 11 I , ICC 2) • I C 43 I • 1 T Y I 1 TYPt.t • 1 C I 4) , lFlll ~I t J•lt6 I CALL ALBERTIFK•LBOltNOOtL.Sl) 
G"TO 360 

C\5 ENTER 800Y DATA FOA ARS 
c 

24ft CALL. ARINtL.BOrtLOAT~tMASTE~ • ASTlReiWHI 
onTo J&O 

c 
C16 
c 

TOP CONVERT NORMAL YECTO~ TO UNIT VECTOR 

250 TTtl)•,Xc•) 
TTC~I•FXiSI 
TT I l I ., l C 6 I 
C~LL UNIT CTTI 
nc•I•Tllll 
FXC51•TTC21 
,.,61•Tl(J) 
IFCFXC71 o GEoFli~IIGOTO 280 
W~ITE C6•9UI 
IERR•I[AA•l 
GnTt) 280 

FIG. 75 . (Contd . ) 
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c 
C11 
c 

Z60 

~\8 
c 
c 

c. 
C19 
c 
c 

266 

267 

c 
Ci'O 
c 

Z70 

TN 4565-3-71 Vol II 

lEC VERIFY SEMt•MAJOR AND SEHl•MINOR aXES PERPf~OlCULAR 

F "C C 151 •F X ( 131 
LE•U 
TT 1 C 11 •F X t 1 l 
TTtCzlaFX(A) 
TTl (J) •f'X Cq) 
Tlztti•FXCtol 
TT2 C 2 l •f XC 111 
TTzCJI•FXCtz l 
IFIABSCDOTCTTteTT2lleL£•O•oll GOTO 26~ 
WRITE 16•9•2lNNeTTltTT2 
IERR•l[RR•l 

CO~PUTE SEMl•HAJOq AXIS LENGTH AND CONVERT 
5F.Mt•M&JOR AXIS TO UNIT VECTOR 

FXIlli•SQRTCOOTCTTloTTlll 
CALL UNITCTTll 
FXI)OI•TTt<tl 
FXCtP•TTtlzl 
F"Citzi•TTt (Jl 

COMPUTE SEMI•MlNOR 4XIS LENGTH AND ~ONVEAT 
SEMI•MJNOR AXIS TO UNIT VECTOR 

F"Cil41•SQRTI DOTI TT2tll2ll 
CALL CR0SSITTeTTltTT21 
CALL LIN IT ITT l 
HON•FXC•l*TTi tl•F XISJ•TTCzi•FXCoi*T!IJI 
IFCHONI267•266t268 
WRITE 16t948 l 
I~RA•lfRR•l 
GOTO 2ftil 
TT I 1) •· TT I ll 
TTCzi••TT<?.I 
TTIJI•·TTIJ) 
F'IIC71•Tlll) 
FJC tei•TT lz> 
FX(9J•TTCJI 
onTo zeo 

C~MPUTE FOCt FOR ELL 

lFCICC41tEOelaL)GOTO JOO 
&SO•FX14l*FXC•I•FIIC~I•FXCSJ•fXC61•FX(ft) 
C•SQRTC&SO•FX171•FXC7l) 
A•SQRTCASQI ,.,.,,., .. 
COMPUTE XtYtZ COMPONENTS OF FOCI 

CX•t•FXC4J/A 
CV•C•FXCSIIA 
cz•c•FXC6~'' 

c. 
C12 COMPUTE x,y,z COORDINATES OF FOCI 
c 

FXC4l•FXCll•CII 
FXC51•FXIzJ• CV 
FXC61•;ll(JI•CZ 

FIG. 75. (Contd.) 
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c 

FK ( p •FX (11 •CX 
F'KI 2 )•FXI 21•CY 
FXIJ)•FXI31•CZ 

~~3 PRINT OUT NfW INPUT 
c 

c 

280 WRITE 16 1 915) NN, IC Ill ,IC 121 elC 13) ,lTV I !TYPE) etC c•1 t CI"X CJ) ,J•l ,6) 
WRITE 16t9tlll IFXIJ) tJ•7•LEl 
ooTo Joo 

TRC vERIFY ~OWER ANO UPPER RADII NOT EQVAL 

285 IF'IFXI7leNE.FXI8llGOTO 300 
WRITE 16•9441 
IERR•JERR•t 
GtHO 300 

C~5 ~ERJFY THAT VECTORS ARE PERPENOlCU~AR IF SOX, RAW, OR REC 
c 

c 

lQO TFIABStFXC41*FX17l•FXI5l•FXt8l•FXI61•,XC911,LE•O•OliOOT0 291 
WRITE 16•9421NNtiFXIJI • J•4•91 
lERR•lERR•t 

291 IFlABSCFX14l*FXItOl•FXISl*FXIlli•FXI6l•FXI121).LE .O• OtiUOTO 292 
WRITE 16t9421NNtFXI-)oFXISitFXColtFXttOI•FXIlt) t fXClzl 
IERR•IERR•l 

292 IFIABSCFXI7l*FX l loi+FXISI•FXC 11 l•FXl91*FXIlZI)eLf,o•OllaOTO JOO 
WRITE 16t9421NN, IFXIJ) tJ•7•12) 
IERR•l[RR•t 

C~6 STORE BOOY O~T~ AND BODY UATA POl~TtRS lN MASTER•ASTER ARRAY 
c 
C BO• SPH RCC REC TRC ELL RAw ARd TEC TOR AHS 

300 GnTOIJ}Ot32o•330•3lO•J-o•JJO•Jl0•230t3So t J4Utz4oltlTYPE 
c 
C;J7 
c 
c 

310 

c 
C~8 
c 

PI"'INT[R FORI-lAT 80X RAw I V I ~~ I 
I Hz >4) I 

REC I V I "' I 
I Hl I ~2 I 

CALL SEEJitW~•ASTF.RtMASTE~ oFXIlltfXl21tFXl3l•LBOT,~~ATAtNOQ 1 LSlJ 
MASTER<~OATAl•lw~•llS 
CALL S£EJIIW~oAST£PoMASTER o F~14ltFXIsltFXI~I•LB0T,LOATAtNQQ tL51 ) 
MA5TERCL04TAl•MASTERI~OATAI+lwH 
CALL SEEJIIWH tASTERtMASTER,FX17ltfXlsltFXI91tLBOT,LUATAtNOQtLS1) 
MASTER(~OATA•ti•IWH*lJS 
CALL 5£EJllWHoASTERoMAST[W,FX<tOltF~Illl•FXI121t 

l LftOTtLOATA•NOO•LSll 
MASTERCLOATA•ti•MaSTE~ILUATA•t>•lwH 
LI)ATA•LOATA•2 
GO TO 360 

PntNTER FOR~o~AT SPH 1 V 1 R I 

320 CALL S£E31lwH,ASTER,~4STER,FXIll 1FXl21,FX13l 1LBOT,LDATA,NOQ,LSll 
MASTERCLDATAl•Iw~•lt5 
LSl•l 
CALL 5EEJIIwHoAST[RtMASTE~oFXI 4 1tFX( 4)tFX14l•LB0T,~OATAtN00tLSlJ 
LSl•O 
MASTERILOATAI•MASTER(~OATAI•I•H 
LOATA•LDAh•l 
G(')TO 360 

FI G. 75 . (Contd. ) 
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C. 
C~9 

~ 
c 

llO 

340 

c 
CJl 
c 
c 
c 

POINTER FORMAT RCC I V I H I 
I I A I 
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[LL. I fl I ~2 I 
I I L. I 

CALL SEElCI~HtAST!ReMASTEReFXClltFX(2)t,XtlJtL80T,LDATAtNOQtLS1l 
MAST!ACLDATAl•IWH•ll5 
CALL S!E3CJWHtASTEAtMASTERtFXC41tFXC§IeFXC6ltLB0T,LDATAtNOQeL.S1) 
~ASTERCLOATaJ•MAST!ACL.OATAI•lwH 
LSI•l 
CALL S[E] ClWH•AST[AtMASTEAtFX CTI•fX(7)tFXC?I•LB0TeLOATA tNOQ•LSll 
LSl•O 
M4Sf[RCLDATA•ll•lWH 
LDATA•LOATA•2 
eo TO J60 

POINTEP FORMAT TRC I V I H I 
I Ra I AT I 

TOR I V I N I 
I Rl I Rz I 

CALL SEEJCIWHtASTERtH4STER,FXClltFXI2leFXIl)tLBOT,LUATAtNOQ,LSll 
MASTEACLOATAl•tWH.llS 
CALL S[EJCI~HtASTEAtMASTERtFX14)tFXCs>•F•I6)tL80TtLOATAtNOQtLS1) 
MASTERILOATAl•MaSTERILOATA)•lWH 
LSl•l 
CALL SEE3ClWHtASTEAtMASTE~t~X171•FXC?ltFlC7)tLH0TeL0ATAtNOQtLSll 
MASTEAcLOATA•ll•lWH•ll~ 
CALL 5EEJ C1wH tAST[RtMASTEAtFX C81tFXCeleFXC&l•LB0TeLOATAtNOQeLS1) 
L.St•o 
MASTERCLOATA•ll•MASTERCLOATA•ll•lwH 
LDATA•LDATA•2 
I'CJTYPE,[O.lOlLO&TA•~OATA•l 
GC TO 360 

TEC I \1 I M I 
I N I A I 
I .. 1 I Az I 
I I RR I 

c 
35~ CALL SEElllWHtAST~RoMASTERtFX{l)tFXIZitFXClltLBOT,LDATAtNOQ,LSll 

~ASTERCLOATA l •IWH•IlS 
CALL S££31l~H,ASTEReMASTERtFXC4)tFXISleFXC6)tLBOT,LDATAeNOQ,LSl) 
MASTERCLOATA I •~AST£A(LOATAl•lWH 
CALL SEEJ{lWMtASTEA~MASTEReFXC7ltFXCQitFXC9)tL80T,~DATAtNOQtLSll 
~AST£R(LDATA•ll•lWH•lt5 
CALL S!EJIIWHtAST!R•MASTEArFXIlOI•F~Ill)tFKllzl• 

1 L80T,LDATAtNOQrLSll 
MASTERCLOATA+ll•MASTJRCLOATA'li•I~H 
1,.51•1 
CALL SEEJ(IWHtASTERtMASTER,FXI1JltFAI1JltFXI}31' 

1 L80TtLOATAtNOQtLSlt 
M4STEACLOATA•Zt•IWH•ll5 
CALL SEEJClWMtASTEReMASTERtF~1141tFX(l41t,XIl4)t 

1 LBOTtLOATAtNOOtLSll 
MA5T£RCLOATA'2l•MAST£RILOATA'ZI•IWH 
CALL S[EJ(IWHtAST[RtMASTER•F•<l5lt,XCl5)tFXC1Sit 

1 L8DTtLDATAtNOQtLSll 
L.Sl•O 
MASTERCLOATA•3l•IWH 
LOATA•LDATA•4 

FIG. 75. (Contd.) 
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c 
C:Jl 
c 

]60 

no 

.)90 
c 
C:J5 
c 

c 

CHEC~ IF ANY MORE ROOM 'OR SO~JD DA!A 

lFILDATAe~T.NDQJGOTO 170 
WAITE C6•9171LO&TA•~BOT,NOQ 
STOP 
CllNTINUE 
WAITE C6t9181 
WAtT[C6t94711TYtNB00 
WAtT£ C6t94SILB&SEtLAPPDtLA8UTtL80DYt~B00t~DATAtLB0TtLS~A~tLTAIPtN ADO 

TAANS,EA AST[ACLBOT TO NOQ) ro ASTE~CLDATA TO LDATA•LSU8) 
LD•LDATA•\ 
L.SUB•L.BOT•LD•l 
on 375 t•L.BOTeNOO 
A!TERCLDATAI•&STERCII 
L.O&h•LDAT&•l 
CONTINUE 

UNPACK POINTER WORDS AND RECOMPUTE Pot~TEHS To 
CO~PENSATE FOR TRANSF!R 

K•LBOOY•l•CNRPP•NBOOYI 
00 390 t•t<tL.D 
CALL. UNZilell •lz l 
IFCI}oNEoOIIl•l}•LSU8 
'''lz•NEooltz•lz•L.SUs 
MASTERCII •tt•ItS•IZ 
CONTtNUf 

REGION STORAGE 

wAIT£ (6o920I 
N•o 
J•O 
LAEGD•LOATA 
~OATA•L.OATA+NAMAX 
L.AEGL•LOATA 

CJ6 ENTER REGION DATA c 
400 AEAOc!,92l)tA,(lA(lltlNClltl•lt91 c 

C:J7 CHECK VALIDITY OF REGION O&TA 
c 

on •to I•l•9 
tFCIABSClNCIII,L.E,NBOOY+NRPPIOOTO 410 
WAITE C6t9zzi!A tl 
J•J•l 

410 CONTINUE 

PACK AND STORE REGION POINTER g&TA L.AEGO I POINTER TO R£01 N I NUMBER OF &0~1[5 IN REGION I 

trClR1440t420•421 
420 WRITE (f,t9j'!J) IUCP elNCll •1•1•9) onrn 430 •zi N•,...•t 

FIG . 75 . (Contd.) 
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W~ITE (6t92411R,(tAC1)tl~(lltl•1•9) 
M•LREGO•N•l 
MASTERCMl•LOATA*ll5 

c C,9 CHECK AND CONVERT OP€A&TOR TO NUMERlCAL VALUE 
c 

430 00 435 I•l•9 
oo 431 K•t.e 
trCtACilaEQaiAAI~JlGOTO 43Z 

Hl CONTINUE 
WRITE 16t925liAC11tl 
STOP 

432 lA lll•tAN (1(1 
t,CINCtll4JJt435•434 

433 lACt1~4•1ACll 
INIII••IN(Jl 
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c 
C40 
c 

PACK ANO STORE REGlON DATA I OPERATO~ I BODY NUMBER I 

434 MASTERI~DATAI•lAitl•llS•lNCll 
LOATA•LOATA•l 
MASTER!Ml•MASTERIMI•l 
l'ILDATAoLf,NOQIGOTO 435 
wRITE 16t9z7lLOATAt~OQ 
STOP 

435 CONTINUE 
MTO 400 

c 
C41 END REGION READ • TEST NUMBER OF REutONS 
c 

440 lFCNoGEoNR~AXIGOTO 44\ 
wRITE 16t926) lA 
STOP 

441 IFIJoLEoOI GOTO 442 
wRITE !6t9411 
STC'IP 

442 wRITE !6•9281 
c 
C42 TEST FOR REGI ON CHECK OPTION, CHECK REGION DATA lF NOT ZERO 
C !ERROR IF ANY POINT CAN BE lN MORE THAN ONE AEGlONI 
c 

c 

I'IIRCHEKoEOaNOIGOTO SOO 
WIHTE (6t9J11 
LL•o 
MlS•o 

DO 456 l•ltNRMAX 
JJ•I•l 
00 45S J•JJ,NRMAX 
I<AI•~REGO•I•l 
CAL~ UN~(KAitLOCitNUMI) 
I<RJ•LAEGD•J•l 
C4LL UN?IKRJtLOCJtNUMJ ) 
IFCNUMt.GE,NUMJIGOTO 450 
IO•NUMt 
fi•NUMt 
GOTO 451 

450 Tn•NUMJ 
TI•NUMt 
L.•LOCI 

FI G • 7 5 • (Con t d . ) 
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c 
cu 
c 

c 

500 

510 

520 

530 
s.,; 
S!n 

ssi 
51§2 

L.OCI•LOCJ 
LOCJ•L 

oo •s3 t<O•t .. to 
KLI<•LOCt +1<0•1 
ClL.l UN21KLKtlOP0,~80) 
oo 452 I< 1•1 • II 
I<L.K•LOCJ•KI•l 
CALL UN2CKLKtl0PltN8I I 
IFCIOPOoNE.tOPIIGOTO .SZ 
IFCNBO oNE.N81 IGOTO 452 
"4tS•"US•t 
GOTO 453 
C'lNTINUE 
C'lNTtNU£ 
IFCMIS,NEoiiJGOTO 454 
wAITE C&t9z9l Jt I 
LI.•LL•l 
~HS•O 

CtlNTINU£ 
WRITE (6,930) t 
CONTINUE 
IF CL.L oGT, 0) STOP 
JIRJT[ C6•9]Tl 

PREPARE REGION LEAVE TABLE CIS••lJ ANO REGION £N!ER TABLE CtS••tl 

1!••1 
NN•NBOOY•NRPP 
UNLV•LDATA 
00 590 MM"4•1•2 
00 580 1•1tNN 
M•LBOOY•J* C 1•1 I 
IFCISoGE•O)GO TO 510 
"4ASTERCM•li•MAST[RCM•l)'LOATA 
GO TO 520 
MASTERC~•l)•MASTERCM+l)+LOATA•I15 

00 510 J•ltNR"4U 
ITE"4P•LREOO+J•l 
CALL UN211T£MP eL0CtNCl 
CALL UN21LOCti0PtOUM) 
on 560 N•hNC 
"4M•L0C+N•l 
CALL UN21"4MeiOPEAtNUM) 
fF(NU~oNEotlGOTO 560. 
IFCIOP,EQoloOA,IOPo[Q,5)GOTO 
JFitOP[AoOTo4lGOTO 530 
IFCtS•t)560tS50t560 
fFCIS•tl560•55lt560 
tF(IS,LToO)GOTO 551 
MA5TERCM+zJ•MASTERIM•2 l 'll5 
GO TO !52 
MASTERCM•ZJ•MASTEAIM•ll•l 
MAST!R CLDAT&hJ 
LOATA•LOAT&+l 
tFCLDATAoLT,NOQJGOTO 5TO 
WRITE C6t93tJLOAfAtNDQtMMM,I 
STOP 
CONTII'4UE 

FIG. 75 . (Contd.) 
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510 CONTINUE 
591) CONTINUE 

WRITE C6t9381MMM 
U•IS•2 

590 CONTINUE 
c 
C44 RESERVE SPACE FO~ RIH STORAGEt AOUT STOAl6Et AND 
~ SUBROUTINE Gl T[MPOAAAY STORAGE 
c 

Ll•LOATA•l 
NN•IIIRPP•NBOOY 
l.AIN•LoATA•l 
LAOT•l.AIN•NN 
LtO•LROhNN 
LEGEOM•LIO•NN 
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WAITE C6t9321LEGEOM 
WRIT[ C6t9)91LR[OO•LREGLtLENLVtLAlN•LA0TtL10•LEGEOM 

~5 TEST REGION ENTER/LEAVE TABLE PAINT OPTION 
c 

e 

IFCIENTLV oECoNOIRETUAN 
wRITE C6t9461 
NijNA•NBODY•NRPP 

C46 PRINT OUT REGION ENTER/LEAVE TABLES 
c 

OC'I 600 N•ltNBNR 
LOC•LBOOY•J•CN•ll 
LI'IC•LOC•l 
CALL UN2CLOCtLENT eLEAV I 
Ll'c•LOC•l 
C&LL UN21LOCtNENToNEAVI 
Jt•LENT 
J2•LENT•NENT•t 
wRITE C~t9]JI N • J l•J2tCMASTERIK)t~•J1tJ21 
Jl•LEA V 
J2•LEAV•NEAV•l 
WAITE C6t9)41 NtJleJze iMA5T£R(K)tK•Jl•J2l 

61'0 CONTINUE 
c 
C41 TEST MASTEA•ASTER ARRAY PAINT OPTION 
c 

I'IIPAtNeEQ.OIRETURN 
WAITE C6t93!1 

c 
C48 PRINT OUT MASTEA•ASTER ARRAY TO ENO O' AE~ION ENTER/LEAVE TABLES 
c 

610 

IK•K 
11<2•1<•2 
M•O 
on 610 I•t~<.IK2 
M•M•l 
CALL UN2Cieii•l21 
NO\ (Mhll 
NOZ IMlelZ 
04CMI•A5T[RIII 
NOOCMI•I 
CONTINUE 
WAITE 16t9)61 CNOoCLI tNOl CL.I tNOzlL.I ,04lLI •L.•1•3l 

FIG. 75. (ConLd.) 
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&20 Ct"'NTJNUE 
AE'TUAN 
(~() 

FIG. 75. (Concluded) 
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c 

c 

c 
C1 
c 
c 
c 
c 
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SUBROUTINE PPP JN(LAR) 
Ol~ENStON Xt6l 
OlMENStON MASTERClOOOO) 
COM~ON ASTER(lOOOO) 
COM~ON/GEOM/LijASEeRlN,ROUit~~lt~~O,~INrtlERRtOIST 
c~MMON/UNcGEM/N~PPt~T~lPtNSCAL•~oOQYtNRMAX • LTRIP t LSCALtLREGO• 

1 LOATAtLRlN o LROT,LJOt~OCDA e llS•lJO•L80UYtNASCtKL00P 
cnMMON/~RPP/LRPPOtLASUT 
EQUTVALENCEI~ASTERtASTERI 

q10 FORMATt6El2o~l 
920 ~ORMATCI8tt7Xt&fl2•5l 
9Jn ~n~MAlllMO t 27HlRRO~ IN OE5CH1PT10N U~ RPP•lS•S~•loHHlN eGEeMAXl 
940 fnRMATilMOt27HERRoR IN DESCRIPTIO~ VF RPPt7X•llO•lOXetlOl 
9~0 FnRMAT()OXt7HSURFACEtT5t8XelE20 • bl 

tF.RR•O 

LAASE • BEGlNNtNG 
I t I J I 
I I K I 

LOCbTlON Of ~PP PO I NTERS RESERVE lZ WOROSIRPP 
1 CPOlNTE~ TO ~IS! Of AdUTTtNG RPP•S, 
J INUM~EW OF HPP · S THAT A8UT THIS SURFACE> 
K CPOINTEH TO dUUNo•RY cOOHolNATE fOR SURFAC£1 

c 
C~ LRPPO • ~EGlNNI~G LOC .. TlON Of ~PP SOUNOARY COORO!NATES 
C THAT A~f POINTEU TO 8Y ~ (~BASE • lc * N~P~l 
c 

L.~PPOaJ 

c 
C, EP..TER ROUNOAI-IY COO~Ill"•I\HS Of ~PP 
c 

10 READCS,9lOl CXIJl tJ&ltf>l 
wRITE 16•92olNtiXIJ)tJ•l•&l 

c C~o VF.RIFY MlNl"'''~'~ ROUNOARY COU~OtNAh:. '-ESS Tl<i"N CORHESPONDING 
C ..-AXIMU"' i;iOIJNOA~Y COOklliNAH:. 

c 
T F' I x ( J I • L. T, X I I • 1 ) I GOT n 2 0 
~~~~I'!'E C b •930 I 1~ 
STOP 

?.0 CI'~TlNUE 

c 
Cs; STORE A0l.JNDARY COOROl r·•A TlS t:JEG11'4N1NI.> AT 
C L0CAT10N LRASE • 112. • N~PPl 
c 

on 33 J•l•ft 
ti=LBASE• t?.*NRPP 
L•LBASE+lZ*(N•ll•2*lJ-II 

Jn triil • LT • I>GnTo 3\ 
A<;TERitl•XIJl 
"'ASlERCL.•tl=I 
t•l•l 
r,nTn 33 

c 
C~ CHECK FOR ANO lLI~l~ATE kEDUNDANT ijUlJNDARY COO~OlNATES 
c 

3J tFCXIJ).EQ,A~l~Q(JIIlGOTO 32 
lt•Il•l 
GOTO 30 

FIG. 76. Source Listing, Subroutine RPPIN 
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J~ ~ASTEACL•ll•Il 
ll C0r.ITINUE 

IFINtO[tNRPPlOOTO 40 
N•N•t 
anTn to 

c. 
CT LABUT • BEGINNING ~OCATlON 0, ~1ST Of ABUT APP•S PACKED Z/WOAO 
C I POINTS ~ERE 
C ~ CONTAINS NUMBER IN LIST 

c 

4n LABUT•I 
L4ST•I•l 
L•LAST 

CA SEARC~ FOR ABUTTING RPP•i ~0 SURf•C~ J 0, RPP I 
c 

c 

DO 57 t•ltNRPP 
1')0 57 N•lt6 
LL•o 
M•l 
K•LBASE•l2*1l•ll•z*CN•tl 
MASTERCKI•CL+JI*IJS+MASTEAC~I 
NC•3*~•1•4*1N/2l 

Cq OETERMI~E IF RPP J HAS ABUTTING SUR~ACE TO APP J 
c 

c 

00 56 J•l,NRPP 
IFCleEQoJlGOTO 56 
IFISCltNloNEoSIJ•NCIIGOTO 56 

C10 COHPAR! BOUNOARV COOROINATfS OF RPP•s 1 ANU J 
c 

c 

on 53 K•ltl 
NN•NH<IC 
t<41•4•K•l 
IFINN . EQ•K411GOTO 53 
K2•2*K 
K2l•KZ•l 
IFCSCI,K2li•GT,SCJ•K2l)IGOTO 50 
lFISCJeK2li•LToSCitK2 IIGOTO ~3 

SO lFCSCltK2lloGEoSIJtK2 IIGOTO 51 
lFCSCJtK2 loLEeSIItK2 IIGOTO 53 

51 IFISCltK2 loGTeSIJtK2 IIGOTO 56 
tFC~CleK2llei.TeSCJtK2lllGOTO 56 

53 cnP<ntNUE 

'il STORE APP NUMBER tN ABUTTING RPP ~1ST ANO INCREMENT NUM~EA 
c 

c 

M••M 
IFI~eLT•olGOTO s• 
MASTERCLI•MASTERILI•J 
onTo 55 

54 L•L•l 
MUTERCLI•J•Il5 

55 l.I.•LL•t 
~6 CONTINUE 

K•~BAS£ 6 l2•Cl•l)•z•CH•l) 

~-STERCK.•WASTERCK I •LL 
57 CO~TINUE 

FIG. 76. (Contd.) 
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c 
C12 TEST V1AI..l0JTY OF RPP DATA 
c 
c 

c 
c:: 

DO 62 J•l•6 
N~PPl•NAPP•l 
00 61 t•ltNRPPl 
JJ•LBASE•lz•CI•l l•l•CJ•ll 
CALL UNZ(JJtiOUMtlll 
1]•14ASTERCJJ•ll 
T'llz•NE•olOOTO 61 
It•I • t 
1)1'! 60 t<•IltNAPP 
Kt<•LBASE•l2• 1K•ll•2•CJ•ll 
CALL UN21KKtlOUI4tJ5l 
16•14ASTER l1<1<•1 l 
TFilSoNEeolOOTO 60 
tFil]•EQ•l6100 TO 60 
IF.RR•IE~Fh 1 
wRITE 16 t940l ltl< 
wRiTE 16t9SolJ•ASTERCt]ltASTER11'1 

60 cnNTINUE 
MTn 62 

61 CONTINUE 
6;» cnNTINUE 
61 LAR•L 

~F-TURN 

END 

FIG. 76. (Concluded) 
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c 

c c, 
c 

c 

9ni 
90~ 
9(\) 
91)4 
'IJO~ 
90tl 
9()7 
90A 
QI)Q 

SUBPOUTJNE ALBERT(,XtLBOTtNOQeLSl) 
DIMENSION tAI6•4)tUC8t31tFC41tFXC61 
DIMENSION MASTERilOOOOI 
CnMMON ASTERClQQOO) 
cOMMON/UNCGEMINRPPeNTAIPtNSCALt~BOOYeNRMAXtLTAIPtLSCALtLAEGOt 

1 LOATi•L~TNtLROTtLIOtL0COA•I15•130'L900YtNASctKLOOP 
cnMMON/GEOMILBASEtAINtROUTtLAitLAOtPINFti£RAtOl~T 
[QUJVALENCEIAST[RtMAST[RJ 

FOR~ATC25Xe6Fl2•51 
FORMATCtOXt6ClX•4ll)l 
FORMAlllOXt6El0•31 
FOR~AT(25Xt614Xt4I2ll 
FORMATC}HOtlS~UNDEFlNEO PLANEI 
FOAMATIIStlOIEllo411 
FnR~ATtlHn,26~FOUR POINTS NOT IN A PLAN[) 
FORM&TClHOe2SHERROR IN SIDE OESCRlPTtONJ 
FORM&T(tHOt\~HOEGfNERATE PLANEtl5l 

STORE COORDIN ATES OF FI~ST TWQ VERTICES IN ARRAY AA 

1(•1 
on 10 t•1•z 
on 10 J•ltJ 
AA CttJI•FX(Kl 
1(•1<•1 

lt\ CI'1NTINUE 

C~ (~TEA COORDINATES OF REMAINING SIX VERTICES INTO AR~AY AA 
c 

c 
C1 ENTER ORDINAL NUMS[RS OF PLANE VERTICES 
c 

c 

c 

C . 

REAO 15,9021 C CUI I ,JJ ,J•l e41 t hl ,61 
wqiTE C6t90ll I IAACit.JI •J•t•JI •I•Jt8) 
WRTTE C6tQ04l ((JA(Jt.JltJ•t•4ltl•l•bl 

00 70 1•1•6 

tx•IA C I • 1 l 
1Y•tACT•2l 
tZ• tA <I • 31 
l(}•UCtX•ll 
Vt•AA(JXt21 
ll•UttXtJ) 
ll 2• AA C I Y' 1 I 
YLI•AACTYt2l 
Z2•AActY•l) 
XJ•U(Jltll 
YJ•U C tZ•zl 
lJ•U(JZt]l 

C~ C~MPUTE COEF,IClENTS or PLANE EQUATION 
c 

D•X l *IY2*Z3•Z2•Y3J•Il2•CYl*Zl•Zl*YJI•XJ*(Yl*Z2•Zl*Y21 
A•C•Yz*ZJ•Z2*YJ•Yl•ZJ•Zl*YJ•Yl*l2•Zl.Vzl 
B•llz*ZJ•Zz•XJ•Xt~ZJ•XJ•Zl•Xl•Zz•zl•xzl 
c•CYz•XJ•X2*YJ•Yt•XJ•Xt•Y]•Yl•X2•Xt~Y2) 

FIG. 77 . Source Listing, Subroutine ALBERT 
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c 
~6 TrST roR DEGENERATE PLANE 
c 

c 

A282C2•A•A•B•B•C•C 
tFCAZ8ZC2.NE•O•lGOTO 21 
WAITE 16t909l I 
O•ABSIO) 
OOTO 61 

C1 TEST FOR UNDE'INEO P~ANE 
r. 

?.l 012lO•D12•l•OE•l2 
tFIAZB2C2•0T•Ol2lOIGOTO 22 
iiiAITE 16e9oSl 
wAITE (6•9061IoAoAtCt0t012 
IERR•lERR•t 
onrn 1o 

22 S•SQRTCA282C2 1 
111JC•11S 
WY•B/S 
WZ•CIS 

c 
CR RETRIEVE COORDINATES OF FOURTH VERTEX ON PLANE 

tc•tACI,4J 
l(4••U I TC •l l 
'h•AAI!Ct2l 
l4•AAIJCt)l 

c 
Cq COMPUTE DISTANCE TO PLANE OF FOURTH VERTEX 

TN 4565-3-71 Vol II 

c 
O~•I•D•IA•X4l•IB•Y4l • IC•Z4)1/IIA•wXI+C B•wY I•IC•wl)) 

n22•oz• oz 
c 
C10 OETERMINE IF FOURTH VERTEX LIES ON P~ANE OF FIRST THREE VERTICES 
c 

c 

tFID22.~Eolo 0 llGOTO J o 
wRtTE 16•9n71 
IERR•IERR•l 
WRITE 16•9o6lloAtRtCtOtDl2•0~ 
OOTO 10 

30 DO Jl 1<•1•4 
F(I<)•Oo 

31 CONTINUE 
c_ 
Cll CO~PUTE VALUES OF OTHER FOUR VERTlCES 
C wtTH RESPECT TO PRESENT SlOE 
c 

c 

L•l 
Dn 32 J•l·~ 
tFIJaE9•lK,oR.Jo[QoiYoORaJ•E0oiZeOR!J•EQeiClGOTO 32 
F(~l•A•AACJtli•B•AA(Jtzi•C•AA(JtJI•D 
L•L•l 

32 CONTINUE 

Cl2 COMPUTE NUMBER OF OTHER VERTICES ON ElTH!R 
C SIDE OF PL&NE OR ON PLANE 
c 

FIG. 77. (Contd.) 
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c 

M•O 
NttO 
J•O 
DO 44 L•l•4 
I'CABSC,CL))eLE•l•OE•&)GOTO •z 
IFC~(L))41t42t43 

4i 114•114•1 
GOTO 44 

42 N•N•l 
GnTo •• 

·~ J•J•l 44 CONTINU£ 

Cll DETEA~IN£ SIDE OF PLANE OTHER VER!l~ES aRt LOCAT£0 e 

c 

c 

IFCN,[Q,QIGOTO 51 
IFCN•N.E0e4100TO 60 
IFIJ•N.EGe41GOTO 61 
MTO 52 

!i IFIMeEOe41GOTO 60 
IFCJeEOo4lOOTO 61 

~2 •RITE t6t9Q8) 
WRITE 16t906)ltAt8tCt0t01~•0ZtCf(L)•L•1••' 
J[AR•t£RA•t 
llOTO 70 

60 A••A 
B••B 
C••C 
D••D 

~l4 STORE PLANE COEFFICIENTS AND POIN!EAS 
c 

c 
c 

61 CALL SEE3CtwH,AST£AeMASTEAeAtBtCtLB0TeLOAfAtN00tLS)) 
~ASTEPCLOATAI•IWH 
t.S1•1 
CALL SEEJ<t•HtASTEAtMASTEReDtDtOtLBDTtLOATAtNOQeLSl) 
t.Sl•O 
MAST[ACLDATA)•MASTEAILOATAI•IwH•ll5 
LOATA•t.DATA•l 

70 CONTINUE 
A[TUAN 
END 

FIG. 77. (Concluded) 
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c 
c 
c 
c 

c 

c 
c 
c 
c 

c. 
c 
c 

c 
c 
c 

c 
c 
c 
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SUBROUTINE ARlN ILBOTtlOATA) 

SUAROUTINE READSt CHECKSt PROCESSES, ANO STORES INPUT DATA 
FOR THE ARS (ARB ITRARY SURFACE) 

0 t MENS I ON W ( 3) , UW ( J I t VW ( 3 I t WN ( 31 
OlMENSION ~ASTERilOOOOI 
COM~ON •STF.RClOOOOI 
COMMON/UNCLE/NNelCC~l 

EQUIVALENCF IMASTEReASTERI 

901 FnR~ATClH ,fA,lXe3Al t? X•3HARS.2A•A••2x,ex. 
1 37MNUMR~R OF CURVES 
2 \H t33 ~t37HNUM~F.~ OF POI~TS 
3 \H t33X•)7HNUMRER OF POI~TS 
4 \ H o3 3X t37HNUMRER OF POI~T~ 
~ lH , 33~ t 37HTOTAL ST OR AGE 

903 f0R~ATI25X,~Fl2.4) 
904 F0AMATC10Xo6fl0o5l 

PEA CUR\IE 
lN 

M•, llO I 
N•• IlO I 

MN•,IlO I 
NP•2N(~·ll•tll0 I 

NSTA•4NP•82•,ll0 ) 
~TOREO 

qOS FORMAT(\H o33Xt34HNUMHER OF TRIANuL(S DESCw JSEO tllO I 
906 FORMAT(\H t33Xt34HNUM~ER OF NON•OlGENER•TE THlANGLES,llO I 
~10 FORMATil~0 .43HERRoR IN DESCRIPTION Of ARS SOLlO NUM8[Rtl51 
911 FORMATtSXe?\H~UMBER OF POINTS IS 0) 
92n F0RMATI10Xe2tl01 

ENTER NUMHE~ OF CURVES AND ~UMBER OF POINTS PER CURVE AND 
COMPU TF NUM~ER OF POINT TO dE STORED ANO STORAGE REQUIREMENTS 

READcc:, , Q?.OlMtN 
"'~'~·~-~~~ 
NP•2*N•( M-\ ) 
NSTH:4• ... P+A? 
w Q JT E I 6 , 9 0 1 l N Ill , I C I 1 l , I C I 2 I , 1 C ( 3 I t 1 C I 4 I t N t N t "4N t N P t N S T R 

CMEC~ TF NU~RER OF POINTS tS 0 

tF(NP.GT.OlGnTo 10 
wwTfE (~t•~lO)NN 
-~tTf.:<Et·Ql)l 
RFTURN 

R~SERVF STORAGE 1~ MASTER·A~T~~ 4RRAY FOR ARS DATA 

10 LAOT • LROT•NSTR 
~~STER!LOATb)•LBOT 
LDATA•LOATA+l 
L0C•LBOT•~2 

ENT~~ ANO STO~E COOHOlNATE DATA Of ARS 

L0CC•LOC:+4 
on 23!\ I•leM 
l F(l .~Q.MILOC•LOCC 
LlsLOC 
L2~LOC•A*(N•ll 
READ 15 , 9041 lASTER !l) tA'iTER IL•l l tASTER IL•2) •L•ll •L2t8l 
w~oqTEC6t90)) (ASTERCU tASTER<L•lltASTERCL•2l tL•Ll•L2t8) 

I~II.NE.MIWRITE16t903l 
IflloEOoltOR . J , EQ,Iot)GOTO l20 

FIG. 78. Source Listing, Subroutine ARIN 
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c 

00 llO L•Lltl2t~ 
lSTERILOCCI•ASTERCLI 
A~TERILOCC+li•ASTERCL•ll 
ASTERCLOCC•2>•ASTERCL•2l 
L0CC•LOCC•8 

210 CONTINUE 
'220 L0C•L2•e 
230 C0NTINUE 

C STORE NUMBER OF POINTS STORED FOR ARS AND INlTlALIZE LOCATION C FOR STORING NUMBE~ OF ~ITS FOR SHOTLINE 
c 

c 
c 
c 

c 

MASTERtLBOT>•NP 
~ASlERtLROT+l)•O 

ELIMINATE DEGENERATE TRIANGLES FOR GIVEN ARS OATA 

Nlai'4P-~ 
wr.qTEiito90'5lNT 
Ll•L80T•82 
L2sLl+4*(NT-ll 
on 350 L•Ll•L2•4 
Wll <1) •ASH:.R (L) 
'fll:?l•ASTF.RCL•ll 
fiiJ)•ASTERCL+21 
Uwcli•ASTERCL•4)-Will 
u•(21=ASTERIL+Sl-W(21 
Uw(Jl•AST£Q(L•61-~131 
VwCll•ASTEQIL+8}-Will 
V-C?.)zASTERIL•~I-W(2) 
Vw(3lzASTEqll•lOl-WI1l 
C~LL CROSS!WNoUWoVW) 
lF(00T(wN,WN),GTo~o000\IGOTO JSO 
NTsNT-1 
A5TERIL•3l=-l.O 

350 Cf'NTtNUf 

Wll~tTE C t,o90b iNT 
.,,:qTEI~,.~OJl 
RF.TURN 
E,...n 

FIG. 78 (Concluded) 
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SUBROUTINE SEEJCIWHtASTEAtMASTERtFXtFXX,,XXXtLBOT,LDATAtNDQeLSll 
OIMENStON ~STERilnOOOltMASTEAilOO O Ol 

e_ 
(\ TEST TO DETERMINE IF TRIPLET OR SCA~AR DATA 
c 

c 
c~ 
c 

c 

tFCLSl,NEeOIGOTO SO 

EXECUTE IF TRIPLET DATA 

tFCLBOToGT,NOQIGOTO 20 
NnQz•Noo-z 

SEARCH FOR EQUAL TRIPLET IN THE ASTER ARRAY 

00 10 I•LBOTe ~OQZ 
IFCASTERCil.NEoFXIGOTO 10 
tF CASTERCI•lloNE.FXX)GOTO 10 
tFCASTF.ACI•zl,NEoFXXXIOOTO 10 
tWH•I 
R[TUAN 

1 n CONTINUE 

C4 STORE TRIPLET PASSED BY ARGUMENT LIST 
c 

c 

20 AST£RCL80T•ll•F~XK 
ASTER(LBOT•zl•FXX 
UTERCI,.BOT•Jl•FX 
L80T•LB0T•1 
tWH•LBOT 
tFILBOToLE.LDATAIWRITE t6•JOlL80TtLDATA 
RETURN 

30 FORMAT11HOt22HMEMORY OVERLAP lN 5EEltSXt5HL80T••Itt• 
1 5Kt6HLOATA••IlOI 

c 
C~ EXECUTE IF SCALAR QUANTITY 
C SEARCH FOR EQUAL SCALAR QUANTITY lN THE ASTER ARRAY 
c 

!0 00 60 I•LBOT,NOQ 
lFC~STERil)oNEoFXIGOTO 60 
twH•I 
RETURN 

60 COIIITlNUE 
c; 
~~ STORE SCAL•A QUANTITY PASSED BY AAQ~MENT LIST 
c 

c. 
c 

ASTEACLBOT•ll•FX 
LBOT•LeOT•t 
hH•L80T 
RETURN 
END 

FIG. 79. Source Listing, Subrout ine SEE3 
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c 

SUBROUTINE ORIO 
DIMENSION WPCJ) 
C0MM0N/PAAEM/X8C))tW8C]ltlR 
COMMON/OEOM/LBASEeRINeAOUTelAltLROtPIN'tlEAAtOlST 
cOHHON/UNcotM/NRPPeNTRtPtNSCAL•N&OoTeNAMAXtLTAlPiL5CAL•LAEGD• 

1 LDATAeLRINtlAOTeLJOeLOCDA•ltS•IJo•L800YtNA5CtKLOOP 
cOMHON/GTRACKIOl•OZ•K~ITtLMAXeTA(ZOO)tXBSIJ)tJAITATtiENtt 

l ITRC200ltCA•CEtSAtSE 
cOMMONICALINIAtSLOStANBLE•NTYP[tSSPACEtLtXSlJ)tWS(]It 

1 TRAV[ltSNtVt~tiVl~ 
cnMMON/WALTILIRFOeNGlEAA 
cnMMON/~OYT/VREFtHAE' 
COMMON/CELL/CELSIZ 
cnMMON/CONTRLIITESTGtiAAYSKelENTLYtiVDLUMtlWOtelTA,EitNOtlYES 

9ot FOAMATC8110I 
902 FORMATI6El2•Bl 
903 F~AHATC1HOt2HNXt%St5Xt2HNYe15tS~t7HlRSTAATtl5e!Xt4HIEHCtl!t5Xe 

1 6HN5TAATtl6•SXt4HN[NOtl6tSXt9HCELL SlZltF7tZI/ 
2 17H DATUM LINE AT Z••FlO•l•27H WJTH RESP(cT TO THE OAIGINI 
3 17M GROUND IS AT Z••Fl0tlt27H WITH RESPEcT To THE UAIGIN/ 
4 l7H XSHIFT I5 AT X••FlO•J•z7H WJTH RESPEcT To TH[ ORIGIN/ 
5 17H YSHIFT IS AT Y••~lO•ltZ7H WIT~ RESPEcT TO T~E URJGIN/l 

904 FORHATClH t7HA21MUTH•,12•5•SXt9H£LEVATION•FlZe5•5Xt 
1 lJHBACK OFF OtSTtFlZ•Sl 

90S FOR~ATC2E20o8t4El0o31 
9o1 ,nR~ATClMOelS•lSH CELLS SKIPPED) 
908 FORMATilHOt42HOPTtON SET TO COMPUTE RANDOM POINT IN CELLI 
9Q9 F0RMATitHQtl~HOPTtON SET TO CHOOSE CENTER OF CElLI 

~-et READ GRID INPUT PARA~ETERS 
c 

REA01St90liN~tNYttRSTRT,IENCtNGlEHRtNSTAATtNENOtiCENTA 
RFAO t5•902lA•E•E~GTHoZSHlFTtGROUNO 
REAO C!•9021XSMIFToYSH!FT•cE~SIZ 

~~ INITIALIZE PARAMETERS NOT SET BY INPUT 
c 

c 

I'CIRSTRT .LEoOliRSTRT•l 
IFCCELSIZ oLEoOolCELSIZ•4• 
IFCNSTART,LE•OlNSTAAT•l 
IFINENOoLEeNSTAATlNENO•NX•NY 
IFCNGl!AReLEeOlNGtERR•z5 

CJ PRINT OUT INPUT PARAMETERS 
c 

WRITE (6 1 903)NX,NY,tASTRT, lENC,NSTAAT,NEND,CElSlZ1 
1 ZSHI,TtGAOUNO,XSHl,TeYSHI'T 
tFII~OTeEQ•IYESlWRITEClt905lAt[tXSHl,TtYSHl,TeZSHJ,TtC[LSIZ 
WRITE C6•90~)AtEt£NOTH 
IFClCENTR,fQ.olWRITEC6tQ08l 
IF(lCENTR.NE,OlWRtTEC6t9091 
AAOIAN•eOl7453292!l994l 
AR•A•RA01AN 
ER•E•RADIAN 
SA•SINCARl 
CA•COSCAAl 
SE•SINCERl 
C!•COSCERl 

FIG. 80. Source Listing , Subroutine GRID 
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c 
C PROCESS NENO•NSTAPT•l CELLS 
c 

Kl<aNSTAI-lT 
• wBcli•-CE°CA 

Wijlzi••CE*SA 
WBI3l••SE 

~~ COMPUTE ROW AND COLUMN NUMBER 0' GRID C!LL 
c 

c 

c 

c 

tla(IKK•li/NX)+l 
J•Kt<•II 1•1) •NX 

CELLZa,S•CELSIZ 
V•FL0ATI!NY/2l•lll•CELSIZ •CELLi 
VREF•V•CELL2 
M•FLOATIINXIzl• Jl*CELSIZ •CELL2 
HREF•H•C!LL2 
IFClCENTRoEQ•olGOTO 5 
H•HREF 
V•VREF 
lVIH•o 
GOTO 6 

5 IV•RANC - ll*lO o 
H~•RAN (•1 l *1 Oo 
IVJH•lo•lH•tV 

C~ COMPUTE RANDOM POINT WITHIN GRID CELL 
e 

c 

V•V•CELSIZ •FLOATCIVI/lOe•CELSIZ /20 1 

~•H•CELSlZ •FLOATCIHl/}Oo•CELSIZ lzo, 

TN 4565-3-71 Vol II 

C1 CONVERT GRIO PLANE COORDINATES TO COORDINATES OF TARGET 
c 

c 

6 X8Sil)•XSHIFT•V•CA•SE•H•SA 
XBSizi•YSHIFT•V*SA•SE•M•CA 
XRSIJI•ZSHIFT•V•CE 
CALL TROPic<WPl 
XBSill•XBSI1l•WPC11•1•0E•4 
XR5121•XBSCzi•WPCzl*l • OE•4 
XRSI]I•X95(JI•WP(]l•l•OE•4 

CA BACK OFF RAY ORIGIN FROM GR I O PLANE TO ATTACK PLANE 
c 

X911l•xBSCll•ENGTH•~8!1) 
X8Czl•x8SI21•ENGTH•wB!zl 
X813l•xBSIJI•!NGTH*WB13l 
IFCXB(J) oLF .GROUNOIGOTQ 40 

c 
C9 SAVE RAY ORIGIN AND DIRECTION COSINES 0' RAY FOR L~TEA ~EFE~ENCE 
c 

0(1 20 KK\ 1=1 • 1 
XSCKI<ll•XBCI<Kll 
wSCKKti•WBCt<Kll 

zo cnNTlNUE 
CALL TUCK 
t'IIERR,GfoNGtERRIRETURN 
t,CtAAY SI< eEOeNOIGOTO 40 

FIG. 80. (Contd.) 
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c 
Ct O CO~PUT! RANDO~ NUMB!R OF CELLS (O•Z§J TO 8l SKIPPED 

~ 

c 
c 

~5HIFT•RANC•ll*2~. 

WAIT[ C6t9Q71~5HI,T 
KK•KK•NSHI,.T 

4 n Kl< ::a i<K • l 
IF <KK . LE. NENOlGO TO 4 

RETURN 
ENO 

FIG. 80. (Concluded) 
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c 

c 

c 

c 

TN 4565-3-71 Vol II 

SUBROUTINE TR4CK 
OlMENStON XPI)It[RROAizJ 
COMMON/PAAEM/XBI)ItWBI]ItlA 
cOMMON/GEOM/LBASEtAINtAOUTtLAitLAOePJN,tlEAAtoiST 
cOMMON/UNCGEM/NRPPtNTAtPtNSC&LtNBOO,tNAM&XtLTAtPtLStAL•LAEOOt 

l LDATAtLAINtLROT,LIOtLOCOAtll!•l30tL800YeNA5CtKLOOP 
C0MMON/OTRACKIOltD2tK~ITtLMAXtTA<2oOJtXBSC)IttRSTATtJ[NCt 

l ITAI200JtCA•CEtSAtSE 
C0MMONICAL/NlAtSL05tANOLE•NTYPEt5SPACEtLtXS(J)tWStJitTAAYELt 

1 SNtVeH t iVJH 
COMMON/CONTRL/ITESTGtiAAYSKtiENTLVtlYOLUMtJWDTtlTAPE&tNO,JYES 
cnMMO~/WALT/LIRFOtNOlEAR 
cnMMON/~OYT/VREFtHRE' 
cnMMON/LSU/LSURF 
COMMONICELL/CELSIZ 
COMMON/ERR/IERRo 

901 FOAMAT(F6tltlXtF6ol•l3tlXtF7e2tl~tF1,2t41Ztl3,1Xt2llt 
1 1XtF8•JtlX•F8o3J . 

9n2 FnAMAT!2114tF7•2•F7o2tF6oltl)tFT•ZitlX•zlJt 1A,l4t4XtA6J 
90J F0RMATIJ1H NUMBER OF INTERS[CTIONS,GT,zOOI 
904 ,nR!olA T I I 1J 
905 'nRM4TitHOtl6HO ITEM IN CELL lt14tlHttl4tlHJt5Xt 

1 2HH••F6•1•5XtzHV••F6•11 

[RROAI21• 6HO ITEM 
DATA [qRORit l tEPROR CZ I/4H 
112•4096 
NASC••t 
tR•IASTRT 
L•l 
KHIT•o 
JCNT•o 
MSI<Rho 
MT4RO•l 
M4AMR•o 
MVOL. •o 

00 10 1•1•200 
tTRtii•O 
TRII)•o• 

10 CONTINUE 

Ci SUBROUTINE Gl WILL RETURN wiTH Sl•OlSTANCE THRU RfGlON lAt 
C tRPAlM•THE NEXT R(GION NUMa£At XP•INTEASEcT OF NEXT A[GION 
e 

lO CALL GtiSltlAPRlMeXP) 
J'CIAPRlMoL.TooiR[TURN 
TRILI•Sl 
1<LSUA,•LSURF•7 
LOC•LIRFO•IR•l 
CALL UNZ<LOCtOUMttOENT) 
lOENT•iOENT•l 

E2 PACI< SUR,ACE NUMBER • BODY NUMBER - NEXT REGION NUMBER 

tTR<LJ•II<LSURF•llZ•NASCI•Ill•IAPAlM 
!FINASCoLEoNRPPitAPAIM•O 

FIG. 81 . Source Listing, Subroutir.e TRACK 
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IFCIAPRINo(Q ootGOTO 100 
tR•tAPRIN 
KHIT•KHIT•l 
tFILoGToltGOTO 40 

c c, COMPUTE DISTANCE FROH GRID PLANE TO 'lAST INTEAifCT 0' TAAG!T 
e 

c 

D1•- CCXP l1t-XBSC111•WSilt + CXPC 2 t-XBS C2 )t•WS C2 t 
1 + CXPI31- XBSI3t 1•WS(3)t 
GOTO bO 

C4 TEST SPACE lDENTI,lCATION CODE 
C 0 • NO SPECIAL NATEAIAL. to•SKlAT ZO•AAMOR lO•TARG!T 
C 4 l•2•9tll • l9t21•29tooooot 91•99 • INTERIOR VOLUME 
C 1 • E~TERIOR VOLUME 
c 

c 

c 

40 l'IIDENToEQ,QIGOTO 60 
tFIIOENT•CIOENTilot•}OoEOoo)GOTO 50 
I<HIT•t<HIT•l 
J~CJDENToNEoliMVOL•l 
onTo 6o 

~0 IFIIOENToEOo20INAAMR•l 
tFCtOENloE0,3QIHTARG•1 
IFC I OENToEOol OIHSt<RT•l 

60 L•L•l 
lFILoL.Eo200 IGOTO 20 
WRITE C6t90JI 
STOP 

C~ ! NO OF A4Y OUTPUT RESULTS 
c 

c 

100 t' CLoEQ.llRETURN 
IFCtT~PE8oEQ.N0 oANOoiWOT o EOoNO)AE!UAN 

C~ COMPUTE DISTANCE FROM OAIO PLANE TO LAST INTERSECT 0' TARGET 
c 

c 

02•XDISTcX8StXP)•Sl 
02••02 
IFCKHIToGTooiGOTO 1 0 ~ 
KHIT•KHiht 
~TARG•o 

1 05 I<H IT•KH IT •1 
IH•ABSIHICEL.SIZ 1••5 
t,CHoLloQollH••lH 
JV•ABSCV I CEL.SIZ I ••S 
tFCVeLToOoiiV••t V 

C1 OUTPUT GRID CELL AND TARGET IOENTl,lCATION DATA 
c 

IFtlTAPE8,[Q,N0)GOTO 110 
WAITE C6t9o41 
WAITE <6•90liHAEFeVAEFtlVIHtD1t02tMSKRTt~TAR&,MAAMAtMVO~t 

1 KHtlti~elVtHtV 
110 l'CIWOTe!Q,IY!S)WRITEClt90l)HA[,tVA£, , lVIHt0lt0itMSKRTt~TAAOt 

1 NARMRtHVOLtKHIT•lHtlVtHtV 

FIG. 81. ( Contd.) 
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c 
C~ OUTPUT RAY JNl£AS!CTION DATA 
c 

LMU•L 
t.•o 
TRAVEL•TAit) 
00 200 KlK•l•LHAXt2 
JERRo•t 
L•L•l 
lFIL oG!ei.MAXlRETURN 

~Q COMPUTE DATA OUTPUT ,OR 'lAST HALf o, LINE 
c: 

CALL CALC 
I'INIR,N[,Q)GOTO lll 
JERRO•z 
IERRo•tERRo•l 

113 IFISSP4c!.NE•O•lJCNT•JCNT•t 
c 
C10 SAVE DATA OUTPUT FOR FIRST HALF 0' LIN! 
c 

c. 

c 

NIRl•NIR 
SLOSl•SLOS 
•NGLEt•ANGL£ 
SN1•SN 
NTYPE}•NTYPE 
SPAC!t•SSPACE 

L•L•l 
IFILeLleLMAX lGO TO llS 
NYR•O 
St.OS•o• 
ANGL[•o• 
SN•o• 
NTVPE•o 
SSPACE•O• 
GnTO 120 

C\1 COMPUTE DATE OUTPUT FOR SECOND HALF OF LINE 
c 

11~ CALL CALC 
tFINlR.NEoO)GOTO 11? 
JERRo•z 
IF.RRo•tERRo•l 

117 l'ISSPACE.EQ•O•lGOTO 130 
lZO JCNT•JcNT•t 
130 N•L•JCNT 

c~ 
~12 TEST TRACK 'LAG 

TN 4565-3-71 Vol II 

C SOl • TRAC~ EOGE 502 • TRACK FACE 
C IF NORMAL DISTANCE lO INCHES A&Y ENTERS TqACK FAC~ 
c 

JFIN1Rt,NE,501lGOTO 140 
lFISN}.Ll • lO•lNIRt•502 

140 tF(NtR,NEeSOllGOTO 150 
IFISN ,LTetO•lNIR•5o2 

c 
Ct3 OUTPUT RAY INTEAS!CTION DATA 
c 

FIG. 81. (Contd. ) 
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c 

c 
c 

1~0 IFllWOT.EQ,IYESIWA1TECl,90~1NIRle5L0SltSNltANGLfl,NlYPEl,SPACE1, 
1 NIAtSLOStSNeANGLEeNTYPEtSSPACEtlHtiYtN 

l'CITAPE8eEQ,IYESIWAITEl6t902)NJAlt5L05ltSNltANGL£1•NTVP£ltSPACElt 
1 NIAtSLOStSNtANGLE•NTYPEtSSPaC£•1HtiYtNt[AROA(J£AAol 

IFIITAPE8,£Q,NO.AND,JEAAO•EQ,zi•AlTE(6t905)1H,lVtHA£,,YA£F 

lFILoGEeLMAXIA£TUAN 
JFCNTYPE oEGe9)AETUAN 

ZOO CONTINUf 
RETURN 
END 

FIG. 81. (Concluded) 
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SUBROUTIN~ CALC 
0 l MENS tON XP! 3 I , TFMP I 3 I , TEMP 1 ( 3 l t TEM ( 3 I t TE"'~l ( J) tXMIO C J) ,tEMP C 4) t 

l W"' <3) • WI 13 l • WA ( 31 • X I ( 3 l t 11f ( 3) t Vf C 3 I 
DIMENSION MASTE~IlOOOOl 
C0MMON ASTE~!lOOOOl 
COMMON ASlER!lOOOOI 
COMMON/GEOM/L.BAS[tRINtAOUTtL.AltL.~OtPINFtiEARtOlST 
COHMON/UNCOEM/NRPPtNTRIPtNSCAL.tNBOOYtNAMAXtLTAlP~L.SCAL.t~A£0Dt 

l LOATAtL.AJN•L.ROT•L.I0•L0COA•I15'130'L800YtNASceKLOOP 
C0MMONtGTRACK/Dlt02tKHITtL.MAXeTR<2001tX8SCJ)tlAS1ATtiENCt 

1 ITRC200itCA•CEt!At5E 
C0HMON/CAL/NIAtSL05tANGLEeNTYPEe55PACEtLtXS(J)tWSCJltTAAV£Lt 

l SNtVtHwiVlH 
cOMMON/WALT/LlRFOtNGlERR 
EQUIVAL.ENCECMASTEReASTEAI 
REAL N'CJI 

90\ FOAMATClHOtlSHTHATS AL.L. FOLKS//) 
902 FORMATCtHOtl7H8A0 lTYPE lN CAL.Ct5Xt6HlTYPE••l5t4HN&0•el5/ 

1 16H RETURN TO TAACK//1 
903 fORMAT(lHO•zJHARS 010 NOT FINO NORMAL,) 
9o• FORMAl(//SH NORM/5H NlR••ll0t~Xt6Hl!YPE••ll0tSXt4HNBO••llOt5Xt 

1 6HLSUAf••llOI•H WB••lE20~1014H ~S•t3E20•l014H XP••J[l0e8/ 
2 4H XB••JE20•10I•H X1••3EZO•lOI6~ ~NOS••JE20olOl 

905 FnR~ATCJSH ERROR JN CALC A TRC HAS Rl • A2 I 
9n6 FOR~ATI42H ERROR tN CALC BAD L.SUAF FOR ijOX OR RAW 

c Cl RETRIEVE FOR PRESENT INTERSECT THE SURFACE NUMBERt 
C 800Y NUMBER• AND NEXT REGION 
c 

c 
C? 
c 
c 
c 

10 

i!O 

c 
Cl 
c 
c 

c 
C4 
c 

CALL OPENKCLtLSuArtNBOtNlR) 
tFINIR,GToOlGOTO 10 
wRITE C~•9ol I 
AfT URN 

COMPUTE TRAVEL • LINE•OF•SIGHT OlSTANCf TO lHlS REGION 
SL.OS • LINE•OF•SlGHT DISTANCE T~ROUGH THIS REGION 
Xl • COORDINATES OF IN1£RSECT POINT 

SL.OS•TRIL•ll 
1)0 20 t•l•3 
XtCII•XSil)tTRA~tL.•wSCII 
CONTINUE 
TRAVELaTRAVEL.•SLOS 
LSUAF•LSURF•7 

S!T THE CONSTANT MULTIPLIER 0, THE DIRECTION cOSINES 0, NORMAL 
TO •1 FOR ENTRY OR •l 'OR EXIT 

XNOS•l• 
IFILSURFoL.TeoiXNOS••t• 

RETRIEVE BODY TYPE ANO LOCATION OF OATA FOR INTERSECTED BODY 

LOC•LBOOV•3•(NBO•ll 
CALL UN21LOCtiTYPEeLDATA) 
LSURF•IABSILSURFI 
ITYPE•ITYPE•l 
IFIITYPEeGEoloANO,ITYPEeLE•1iiGO!O lo 

FIG. 82. Source Listing, Subroutine CALC 
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(: 

WRITE C6t90Z)lTYP[eNBO 
RETURN 

C~ TRANSF[R TO SPECIFIC BODY SECTION TO CO~PUT[ olAEcTION 
C COSINES 0' NORMAL 
c 
C RPP BOX SPH RcC REC TRC ELL RAW ARB TEC TOR AAS 

10 GOTOCSO • l00tlS0•200t200•lOOtl50t400t4SOt500t550t6oOitlTYP[ 
c 
c~ CHECK THE SPACE CODE AND ITEM CODE OF THE NEXT AEGIOH 
c 

c 

40 CALL OPENKCL•ltOU~,OUM,NEXREG) 
I!POT•LIRFO•NEXREG•l 
CALL UNzCISPOTeOUMetOENT) 
ISPOT•LIAFO•NIR•l 
CALL UN2CISPOTtN!RtOUM) 
IDENT•IOENT•l 
IFCIOENT•CJOENT/Jol•lo.NE. oiGOTO •1 
NTYPE•o 
SSPACEIIIO• 
R!TUAN 

41 L•L•l 
I'CL•leLToLMAXIGDTO 42 
IOENT•q 
SSPACE•l•OE•4 
NTYPE•t DENT 
A~ TURN 

·~ NTYPE•IDENT 
SSPACE•TRCL.•ll 
TRAVELaTRAVEL+SSPAC£ 
RETURN 

C1 RPP SECTION FOR COMPUTING THE OlREc!tON COSINES OF THE NORMAL 
c 

so wB<lJ•o.o 
wBc21~:n.o 
WIH31ao,o 
G~T0C5Je52tS3t54t5St56JtLSURF 

51 IIIA{l)aXNOS 
GOTO 1000 

52 WBCl)a-XNOS 
GOT O 1000 

53 W8!21•XNOS 
GOTO 1000 

54 Wli(2)••l(N0S 
ooio 1noo 

r;s 1118(3)•XNOS 
GOTO 1000 

56 WB(J)•-XNOS 
onro 1 noo 
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c 
ce 
c 

c 
CQ 
c 

100 

10] 

104 

to! 

110 

115 

120 

150 

160 

c 
CtO 
c 
c 

200 
201 
202 

ZOl 

TN 4565-3-71 Vol II 

OOTO 1000 

BOX SECTION ~OR COMPUTING THE DlAEC!tON COSINES 0, TH£ NORMAL 

CONTINUE 
KCON•LSURF•fLSURFIZ>•z 
I~(KCOMa[Q,O)XNOS••XNOS 
IFlLSURF•3)104tl03•l05 
t•l 
OOTO 110 
t•Z 
OOTO 110 
!FtLSURFaLT.5100TO 103 
t•l 
CALL UNztL04TAtlEMPC4ltlEMPCtll 
LOUA•LDATA•l 
CALL UN21LOATAtlEMPtzl•lEMP(]II 
00 115 J•l•3 
L~•IEMPttl 
LV•IEMPI.) 
M•J•l 
IJK•L.M•M 
tJKl•LV+M 
T!NP(JI•ASTERilJKI•ASTE~IIJKtl 
MK•J•1•IEMPC4) 
TENPliJI•ASTEqiMKI 
CONT NUE 
CALL OCOSPITEMP t tT[MP,wB> 
on 120 J•t•l 
w~ ( J)•XNOS*WB C JJ 
CONTINUE 
MTO 1000 

SPM SEcTION FOR COMPUTING THE OIREC!ION COSINES 0' THE NORMAL 

CALL UN2 CLOATA,LV,OUM) 
on 16o l•t•J 
M•l•t•LV 
TEM ( 1) uSTER 1"1 ) 
CONTINUE 
CALL DCOSPCXltTEMtWBl 
on 110 t•~tJ 
WRCII•XNOS•WBCll 
CONTINUE 
GOTO 1000 

qcc AND AEC SECTION FOR COMPUTING OlRECTION COSINES OF NORMAL 
'nR AN INT£RSECT WITH EITHER PLANAR SUR,ACE 

IFCLSURF•21202,20l,210 
XNOS••)(NOS 
CALL UNZILOATAtLVttLV21 
oo 203 I•lt 3 
M•I•t 
IJI<t•M•LVt 
IJKZ•M•LVZ 
TEMCil•45TERtlJK11 
TEMtlli•ASTERCIJKti•ASTtRClJKzl 
CONTINUE 
CALL DCOSPCTEM•TEMltWB) 

FI G. 82 . (Contd.) 
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DO Z04 l•l•l 
WAit)aXNOS•WBCl) 

l04 cONTINUE 

c 
Ctl 
c 
c 

210 

211 

ztz 

214 c_ 
C12 
e 
c 

c 
Cll 
~ 
c 

MTO 11100 

RCC ANO REC SECTION FOR PROJECTING lKTEAStCT ONTO H£1&HT VECTOR 
~ROM THt QUADRATIC SUA,ACE 

CAL~ UN2(LDATAfLV,LH) 
LRt•MASTEACLOA A•tl 
00 211 J•hl 
M•J•l 
lJK•LV•III 
T!MCJ)aASTERClJ~) 
tJK1•LH•M 
T!M} CJ)•AST£RCIJKJ+AST!R(IJK1) 
CONTINUE 
CAL~ DCOSPCTEMeXIe~Nl 
CALL OcOSPCTEMtTEMl•~ll 
SlJM•O• 
on 212 J•l•l 
SUM•SUM•WN(JI•Wt( J) 
Ct'INTlNUE 
00 214 J•l•l 
XP(J)aSUM•XOISTtTEHtXl) 
XP(JI•XP(JI•Wt(Jl•T£M(J) 
cnNTINUE 

TRANSrER TO REC SECTION TO COMPUT( DIRECTION COSINES OF NORMAL 
f' AN INTERSECT ON THE QUADRATIC SURFACE OF AN HEC 

l'ciTYPE.EQ.5)G0TO 250 

COMPUTE THE DIRECTION COSINES OF THE NORMAL IF AN INTERSECT ON 
QUADRATIC SURFACE OF AN ACC 

CALL DCOSPtXltXPtWBI 
Dn 220 J•l•J 
WRCJI• XNO S•WB IJl 

220 CONTINUE 
MTO 1000 

c 
C14 COMPUTE THE DIRECTION COSINES OF THE NORMAL IF AN lNT[AIECT ON 
C QUADRATIC SURFACE OF AN REC 
c 

250 LDATA•LOATA•l 
CALL UN21LDATAtLAttLA2) 
01) 255 J•l•l 
M•J•l 
lJKt•fohLRl 
TEMP(J)•ASTEACJJKti•XPIJl 
tJK2•M•LR2 
TEMP 1 CJ) •ASTERCIJKzi•XPCJ) 

2!! CONTINUE 
Al•XDlSTCXPtTEMP) 
AzaXDISTCXPtTEMPll 
I'(AleGE•A21GOTO Z60 
AJ•Al 
Al•A2 
AZ•AJ 
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260 

275 

c 
~15 
c 

300 

320 

TE~Pil>•TEMPlll• 
TE~P I 2>•TE~Pl C 21 
TEMPI]I•T!~Pt CJ) 

C•SQRTIAl*Al·~2*A21 
CALL DcOSP <XPeT EMPtWNI 
00 265 J•l•J 
TEMIJI•XP(Jl•C*WNCJ) 
T!MliJl•XP(Jl•C*WN(J) 
CONTINUE 
CALL OCOSPCTEMtXl,WNI 
on 210 J •l• J 
TEMIJI•2•*Al•WNIJI•T[M(J) 
CONT I NUE 
CALL DCOSP t TEMtTEMl• •BJ 
on 27S J•l•J 
WAIJI•X~OS••BIJI 
CniiiTINUE 
GOTO 1000 

TN 4565-3-71 Vol II 

TRC SECT ION ' OR COMPUTING TME OJRECTJON COSINES 0' THE NORMAL 

CALL UN?ILD~lA tLVoL~ l 

Wll. l\l •ASTER t LH l 
w~ t2l •A STERCLH•\l 

W~(3l•AS TE~ ( LH•21 

l~ CL SURF.EQ,) lGO Tn 31~ 

1F ILSUR F,[Q.2 1XNOS••X NOS 
CALL UNtT( IIf p.,) 
W~!ll•XNOS•wNil l 
W8 12 l•)(N0 S•w"'t2l 
111Bt3l•liNOS•wN I3l 
Gnro lOilO 
LI) ATA• LOA TA• I 
CA LL UN?ILnAT ~oLRlt LR2 l 

RH :~~A S TER <Un I 
IHcAST[R tU~2 l 

RAT IOaFHV (RA-~l l 
TE~P(}l•AS TE RILVl 

TEMP(2l•ASTFR ILV •l l 
TEMP (JI•ASTERILV •2 l 
on "i 2o Tcl•3 
TEM I 1 I: TE MP ( t l • PAT J O*WN C I l - x 1 I J l 
TEM1 ( t l =TEMP I I l - X J I I l 
CONTINUE 
CALL CAOSS(wAoTEM,TEMl ) 
CALL CAOSS (WBtWAeTEM l 
CALL UNIT I WB l 
wAtll•I(NOS•wB I}l 
W812)•XNOS•WBI2l 
WI3131•XNOS•W813 l 
GOTO 1000 

FIG. 82. (Contd.) 
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c 
C16 fLL SECTION FOR CO~PUTI~G TH[ DIREC!I ON COSINES o, THE NORMAL 
c 

c 

3!0 CALL UN2(LOATA,LRltLR2) 
LS•~AST[ACLDATA•il 
on 352 J•l•l 
M•J•t 
IJI<t•M•LAl 
JJt<z•M•LRi! 
T!MCJI•AST[ACIJKl) 
TEMlCJI•AST!RClJKZl 

3!2 CONTINUE 
A•ASTE8CLS) 
C&LL DCOSPCTEHtXItWN) 
on 353 J•1•3 
T!H(J)•A•iNIJl•TEHCJl 

353 CONTINUE 
C~LL DCOSPCTE~oTE~loWP) 

on 3S4 J•l•3 
WRIJl•XNOS•w~l~l 

JS4 cn~>Hlt·WE 
GOTO 1000 

Ci7 ~A~ SlCllON FOR CO~PUTI~6 THE Ol~tCltON COSINES OF NORH-L TO 
C SLANTED SURFACE 
c 
c 
C1R T~ANSFER Tn HnJ. SFCT(IIN IF INTEHS(CT NOT ON SLANT SlOE 
c 

lF<LSURF.NE,41(JOTQ l0t1 
WI-IlTE IE-•9061 
STOP 

It()\ CALL UN2(LflAUoLVeLVll 
LOA TA•LUA fA •1 
CALL UN21LOAT~ tLV2o lV~l 
nn 410 J •ltJ 
o.i'"J-1 
TJKt=M+LVl 
TJI<,:M+LV2 
TF.MP(Jl•AST~411JK1l 
liM I 0 (J l "'AS TEH I I JK 1 l-A c:.Tt:. ~ ( I JKtl 
I JI( ~clhL V) 
TFM IJl•AS TE~(tJKj) 

•an cnNTINIJt 
t•l 

'"'' 1(:11] 

Lo<a,, 
nn 411 1\l(>llo) 
T F."' ] ( J l "X"' TQ I J l * T E "1 ( K I ·•>It M I 1) 00 * ft"' ( ~) 
Lt<•T 
T:J 
J~K 

K=LI< 
411 CI'INT(NUE 

FIG. 82. (Contd.) 
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c 

SUM=O . 
nn 412 J=l•J 
SUP4=TE.Mt ( Jl •i t:MP ( j ) +S t t "4 

• 1? CI'INT !NUF. 
S~Ma-SUMI~HSISUM) 

TLK•TEMllll*~2•TE~ll2l**l•TlM}I31**~ 
TLK=SURT ITLIO 
nn 420 J 31•3 
W~(j):.NOS•SUM* TEMli J l/ T L~ 

420 Cfl'IIT!NUE 
Gf'lT f) 1 0 0 0 

TN 4565-3-71 Vol II 

Cl9 ~WH SECTION FnR COMPUTI~~ T~E Ol~lCIJON COSINES OF THE NORMAL 
c 

c 

450 LSPT=LOATA+LSU~F-t 
CALL I)N2 ILSPT tOLIMtLl) 
<iiJ"'•O • 
nn 45\ J•l•1 
MSJ•} 
SUM•SUM+ASTERC1JK)**2 

451 CONTINUf 
OIV•SQRTCSUMI 
DO 460 J•l•l 
M•J•l 
IJI<•,.+Ll 
~91Jl•XNOS.ASTEAitJKl/OIV 

460 tnNTINUE 
(JOTO 1000 

C'-0 TEC SECTION fOR COMPUTING T"E OIAEC!ION CO~lN[S 0~ THE NOA"AL 
c 

!OO CALL UN2CLOATAtLV,LHI 
I,.OHA•LDATA•l 
CALL UN2CLOATAtLNtLA) 
IIIN(li•ASTEA(LN> 
WNizl•aSTEAILN•tl 
WNC31•ASTERILN+ZI 
IFILSURF•21520t510•530 

S10 XNOS••XNOS 
520 W91ti•XNOS•WN1 11 

weCzi•XNOS•WNCzl 
W8C31•XNOS•WN(J) 
OOTI) 1000 

530 LDATA•LOATA•l 
CALL UN21LOATAtLRttLR21 
LAJ•MASTERILOATA•tl 
1/F(}l•ASTERtLV l 
VFC21•4S TEA ILV•tl 
VF(3)•ASTER(LV•21 
MFtli•ASTERCLHl 
HFJ21•ASTERILH•ll 
HF13l•ASTERILH•2 1 
TEMP(ti•~IIl l • VF ttl 
TEMP(2)•X1(2l-VFI2 l 
TEMP IJ)•Xl (J l•VF IJI 
HHaDOTITE"4PtWN ) 
HON•DOTIHFtWNl 
GAW-lA•HHIHOIIt 

FIG . 82 . (Contd. ) 
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c 

TEMPI}I•VFC}l+GA~MA!HF(ll 
TEMP(2)•VFCzi•GAM~A~HFC21 
TE"P(JI•VF(Jl•GAM~A*HF(J) 
R}I\'AST£Ril.Rl) 
R2dST~RlLA2) 
TAU•CR1/R21**2 
R4•R21ASTERCLRJI 
8SQ•(GA~MA.R4+Rz•C}o•G6MMA))••z 
ASO•TAU*BSQ 
C•SQRT(ASQ•BSQI 
TwnA•z.•SQRTCASQ) 
00 540 1~1•3 
IJK•LA•I-1 
TEMP}Cti•C•4STERI TJK ) 
TEMIII•TEMPCII•TEMP}CJI 
TEMl (fi•TE~PCli•TEMPl fll 

5«.0 CONTINUE 
CALL OtOSPCTEMtXIeWNl 
TEMP(}l•TEMfll•TWnA~WN(ll 
TEMP12l~TEMI2l•TWOA*WNI2) 
TEMP(Jl•TEMCJI•TWOA.WN(J) 
CALL DCOSPCTE~P,TEM}tWNl 
IFcRz . EGoR41GOTO 545 
RATIO•R2/ IR2-R4 l 
HFCll•VfCli+RATIO•HF(ll-XI Ill 
HF12l•VFI21+RATIO*HFC21•XIC2l 
HFCJI•VFI)l•RATto4~F(Jl·~l <31 

545 CALL CROSSINFtHFtWNl 
CALL CROSS<•B•NftHf) 
CALL UN IT 01131 
~Aili•JCNOS•WBill 
w~ .C2) al(NOS*WB 12) 
Wlif3)aXNOS•WBI3l 
GOTO 1000 

C21 TOR SEcTION FOR COMPUTING THE DIRECTION COSINES OF fHE NORMAL 
c 

550 CALL UN2CLDATA,LV,LNl 
lOATAaLt>ATA+l 
C~LL UN21LOATAtLRttOUM) 
on ssl I•l•J 
J•l•l 
IJK:o:LV+J 
TEMPIII•XIIII•ASTERIIJKl 
IJK•LN•J 
TEMP}III•ASTERIIJK) 

551 CONTINUE 
RlcASTER ILRl I 
CALL CROSS!TEM•TEMPltT(MPl 
CALL CROSSCTEMltTEMeTEMPll 
CALL UN 1 Tt TE~ll 

FIG. 82. (Contd.) 
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c 

on 552 I•l•J 
.J•l-1 
tJK=L.V•.J 
TEMtll•ASTERClJK) 
T[MP}Ctl•T£M(Il•Rt*TE~l(Il 

552 CC'IIIIfiNUE 
C4L.L DCOSPCTEMP\tXloW~l 
1)0 SSJ 1•1•3 
WRIJ)•XNOS*W~tll 

!IS) cnNTJNUE 
Gntn 1000 

TN 4565-3-71 Vol II 

c22 A~S SEc TION FOR COMPUTING T"E OlA~cTtON COSINES OF THE ~ORMAL 

c 
600 L.OCARSaMASTERCLOATAl 

L0C•LOCAA5•2 
OlS•XOISTCXStXIl 
on 610 1•1•20 
IF!ABSCOIS•ASTERCLOC)),LfoO•OOOlluOTO 62 0 
L.0C•LOC•4 

610 CONTINUE 
WRJTE ( fle9Cl3l 
s,.,.., .. l· 
A"'GLE•-1 • 
R~TURN 

620 ~~tll•ASTERILOC•ll 
w~t2l•ASTER C LOC•2l 

WR !3 l•&STERCLOC•3l 
GOTf) 1000 

c 
C~l cn~PUTE OBLIQUITY ANGLE AND NORMAL DISTANCE TO NEXT REGION 

c 

c 

1000 ~n 1001 Jcte3 
X8CJI•AIIJ)•~SCJI•l•0!•3 

1001 COIIIT!NU[ 
At4GL£•Q• 
DO lOOZ J•t•l . 
&NGLE•ANGL£•WsCJ)•WSIJ) 

1002 CONTINUE 
t,CABSCANOL.EI.LE.te)GOTO 1010 
ANGLE•o• 
SN•O• 
WRITE t 6 t9o41NIRtfTYP[tNB0tL.SUR, ,WBtWStXPtX8tAl ••N05 
IR•NIR 
OOTO 40 

C14 COMPUTE OBLIQUITY ANGLE 
c 

1010 4NOLE•ATAN2CSORTClo•ANGL.E*ANGL[)tAN~LE)•l80el3tl4159265• 
I'IANOLE•LE•90•)GOTO 1020 
DO lOll J•1•3 
WRIJ)••WB(Jt 

1011 CONTINUE 
GOTO 1000 

fiG. 82 . (Contd.) 
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c 
C~S COMPUT£ NORMAL DISTANCE TO N[XT lNT[AS[CT 
c 

c 
c 

l020 NASC••2 
tR•NIA 
CALl Gt fSltiRPAIMtXP) 
SN•Sl 
AOTO •o 
END 

FIG. 82. (Concluded) 
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c 

c 

c 

TN 4565-3-71 Vol II 

SUBROUTINE GlCS1,tAPAIMtXPa 
DIMENSION XP I 1ltL~URTI~OltNASCT(5Q ) 
Ol~ENStON MASTERttOOOOl 
COM~ON ASTER(lOOOO l 
COMMON/PAR[M/XBC))tW8(3)tJR 
COMMON/GEOM/~BASE,AINtROUTe~Ait~~O,PIN,tl£RAtOIST 
cOMMON/UNCGEM/NRPPeNTAJPtNSCA~tN800YeNAMAl•~!AlPtLSCALtLA[GO • 

1 LOATAeLAINtLAOTe~l0tLOCOAtl15tllo•LBODYtNASCtKLOOP 
COMMON/CAL/NlAtS~OSeANGlEtNTYPEtSSPACEtLtlSC]It.S(J)eTAAV[Lt 

l SNtVtHtlVlH 
COMHON/WALT/liAFO,NGlEAA 
COM~ON/~SU/LSURF 
COMHON/CONTRL/lTESTGtlRAYSKtlEHT~VtlYO~UMtlWOTtlTAP!ItNOtiY£5 
C0MMON/OAVJS/IGAlOtL00PtiN0AM 
COMMON/CELL/CELSIZ 
COM~ON/W~lr.HINBO 

EQUIVALENCE IASTEAtMASTEAl 

901 FOAMAT(lHOeJ2H£RROR IN Gl AT 140 BAD lTYP£t5l,4HlTY•tJ5) 
902 ~nRHaTClHOtJlHERAOA IN Gl AT 510 SM •• PINFt5XtlHIA•tl5) 
903 FORMaTC4H XB••JE20e&I•H wa••lEZOt8/lOXt5MK~00PelZXtlHN80t 

1 12Xe3H~Aitl2XtlHLR0 t llXt4HNH1TtllXt4HLOOP/6ll5) 
904 FORHATclHl,l5c2He ),lX, 9"EAAOR NO,,J5,3X,15(2H •)//) 
905 FORMATC34Xt4HCELLt214J 
906 FORMAT(t9H ERROR IN Gl AT 640//4H Jl••I10•4H ~z••llO•TH LSUAF•t 

1 110t6H NASC••Il0•4H 1A•tll0/4H SM8 t£Zltl0t4H Sl•t£17•101 
2 4H we••3E2lel0/4H XB••JE2l•lO) 

901 rnRMATCSOH THE CSOLID POSITION/OEPTH/POINT NOW AT) lS 0Nf o,, 
1 6H THESf/6H XBO ••lE2l•lOI6H OlST•eEZl•lO//) 

908 ~ORMAT!9XtJHRJN•lzX•4HA0UTt7lt8HENTEAlNGtlX'7H~EAVINOtJAt 
1 8H800Y NO.tSXeJHAAYt/3S~t8HSlOE NO,,zXt&HSlOE NO,//) 

910 fORMAT(//t6H TILT AlN•ROUT•t[20•l0•30lt2Hl••t5//) 
9ti FOR~ATC212X•E15•8lt4Xt1Zt8Xtlzt6Xt1Se5Xt7HSTAATEU/) 
912 F0AMATC212X•El 5•81t4Xtl2•8X•IZt6Xtl5t5Xt7HHAS HlTI) 
913 F~RMATC21ZXtEl5 • 81•4X • l2•8Xtl2t6XtiSt5Xt7H~EAVI~il) 
914 FORMATC2(ZX•ElS• 8l•4X•I2•8XtlZt6Xtl5t!Xt1" l~ /) 
91S F0AMATCzC2X•E15•8l••••t2•8X tlzt6A•I5•5X•e~NT£AlNal) 
916 FORHATC2C2XtElSe8)t4XtiZ•8XtiZt6Xtl5t5AtiH•ILL HIT/) 
9ij FORHATCI/4ll4H END EAAOA NOetl4tJX)/J 
918 ,~RMATC1HOtl5•21H ERRORS IN Glt RETURN) 

tNOA~•O 
tFtNASCeEO,•ziiNORH•l 
st•o· 
tFCNASCoGT.oJGOTO 20 

Cl tNJTlALIZE ,OR NEW RAY 
c 

c 
C? 
c 

OIST•o, 
IFCKLOOPeLTo32000IGOTO lS 
KLOOP•o 
LtON•LtO•NBODY•NRPP•l 
DO 10 I•LIOtLION 
MASTEACIJ•o 

10 CONTINUE 
15 KLOOP•KLOOP•l 

BEGIN/CONTINUE TRACING RAY THAU REGION 

20 SNePIN; 
NHIT•o 

FIG. 83. Source Listing. Subr outine G1 
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E, COMPUTE LOCATION OP REGION DATA 
c 

c 
C4 RETRIEVE THE NUMBER OF BODIES I~ RE~ION 
c 

c 
c 
C~ RETRIEVE BODY NUMBER 
c 

I,.OC•LOC•l 
CALL UNzCLOCtOUMtNQOI 

c 
C~ RETRIEVE ENTER AND EXIT SURFACE ~UM~ERS ANU LAST RAY NU~BER c 

lTEMP•LIO•NBO•! 
CALl.. UNJIITE"P,LRttLROtLOOPI 

c 
C1 RETRIEVE ~OUY TYPE 4~0 LOCATION OF DATA c 

c 
Cll' 
c 

ITEMP•LB0DY•3• 1NBO•ll 
CaLL UN2CITEMPetTYPEtL0COA ) 
T'CLOOP,NE.KI..OOP) GOTO 130 

CONTINUE RAY ~ETAtEVE RlN/ROUT FO~ CURRENT BODY 

TFCITYPE,GToll i GOTO 140 
IJK•L.RIN•NBO• l 
IHN•ASTERIIJK) 
IJK•L.ROT•NBO•t 
ROUT•ASTERI IJI<I 
IFCTTYPEoLTo }O IGOTO 320 

~~ IS NE~T RIN/ ROUT SET ~EQUIRED FOR TOR OR 4~5 
c 

c 

IFtROUToLT, OolGO TO 32r 
IFtnlSToLT,ROUTI GOTO 320 
IFINASC,[Q,NBO)NASC•O 

130 LRT•l 
L.R0•1 
tTY•lTYPE•t 
IFCITY,GEoloANO.ITYoLEol21GOTO ZOO 

140 IEAR•ItRR•t 

c 
c1o 
c 
c 

200 
205 

210 

215 

WRITE 16t90}IITYPE 
onTo soo 
COMPUTE RIN/ ROUT FOR CURRENT RODY 

RPP BO X SPH RCC REC TAC ELL RA• ARB TEC TOR AAS 
OOTOI2o5•2l o•215•220•225•2JO•ZJ5t240t2•S•2So•z55t260itlTY CALL APPINBOl 
GOTO 300 
CALL BOX 
G(')TO 300 
CALL SPM 
GOTO 300 

FIG. 83 . (Contd . ) 
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220 CALL RCC 
GOTO 300 

225 CALL Rt:C 
GOTO 300 

230 CALL TRC 
GOTO 300 

23! CALL. EL.L 
GOTO 300 

240 CALL RAW 
(JOTO 300 

245 CALL ARB 
GOTO 300 

250 CAL\. TEC 
MTO 300 

255 CAL.L TOR 
GOTO 300 

260 CALL ARS 
c Cll STORE RIN AND ROUT FOR BODY IN AIN AND ROUT TABLES 
c 

300 JJK•LRJN•NBO•l 
ASTER I IJI() diN 
IJK•LROhNBO•l 
ASTEAitJKI•ROOT 
tJI<•LlO•NBO•l 
MASTERI1JK)•I<L00P•Il!•IL.R0•&4•LR11 

c 
C12 
c 

IS POINT XP ON CURRENT 800Y YES•IS IT ENTER OR EXIT 

320 IFINASCoNEoNBOIGOTO 330 
JFIL.SURFISOO•S00•340 

c 
Ci3 DOES RAY INTERSECT BODY 
c 

330 tFCROUT.L.EoOoiGOTO 500 
IFCRIN.GToooiGOTO 350 

YES•OOE5 lT ORIGINATE WITHIN BODY 

c 
C14 PntNT ~p AT RIN OR wiTHIN SOOY 
c 

c 

340 1FIABSCROUT•SMloGT,SM•ltOE•6tGOT0 J41 
A!'IUY.SM 
lJI<•LROhNBD•l 
ASTERIJJK)•ROOT 
GOTO 345 

34\ IFCROUT•SMt342t345tSOO 
342 IFIOtSTeGE.AOUT)GOTO · ~OO 

NHIT•o 
l4S NHIT•NHlHt 

SM•ROUT 
LSURTINHlTI••LRO 
NASCT (NHlT) •NBO 
anTo soo 

C15 POINT XP AT ROUT OF BOOY 
c 

350 IFIABSCAIN•SMI.GT,SM*l•OE•6100TO 351 
RtN•SM 
tJK•l.RtN•NBO•l 
ASTER I IJK) •RIN 
onTO 35S 

FIG. 83. (Contd . ) 
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351 
352 

35! 

c 
soo 

~16 
c 

530 

c 

c 
C18 
c 

c 

lrtAlN..S"') 352tl55t500 
I'(DISTeG!.~INJGOTO 340 
NHIT•o 
NH IT•NH IT •t 
S114•RIN 
L.SURT CNHITI•UU 
NASCT CNHITI•N&O 
COJIITINU( 

l'CSN.L,T.PJ~F)GOTO uo 
~A~-~0 I NTEASEC'r 

•RITf C6t90ZI IA 
WRITE C6t90JIX8tWBtKL.OOPtN80tLAitLA0tNHITt~OOP 
anro 100 

C~NPVT! NEW COOROTNAT£5 OF POINT XP AND REVISE DlSTAHC£ TAAV£LL[D 

Sla5l•SM•OIST 
DIShSM 
XP(li•XBCti•SH•WBClJ 
XPCzi•I&Cli•SM•waczJ 
XPCJI•XBCJ)+SH•W&CJ) 

IFCNA5Co£0.•21RETURN 

On 6.0 NN•leN~IT 
NASC •NASCTCNNI 
L.SURF•LSURT(NNI 
L.TRUF•o 

C19 CONPUTE LOCATION 0' INTERSECTED BODY DATA 
c 

c 
L.OC•L.BOOY•J•CNASC•ll 
L.OC•t.Oc•l 

~0 RETRIEVE LOCATIONS 0' REGION lNTEAILEAVE TA8L[ FOR BODY 
e 

c 

CALL UN2CLOCtLENT,LEAV) 
LOC•LOC•l 

C~l RETRIEVE NUMBER OF REGIONS IN !NTRY LIST AND EXIT LIS~ 
c 

c 
C22 COMPUTE THE 8E~tN AND [NO OF LIST c 

c 

IFCLSUAFoL£o0)GOTO 600 
Jl•LENT 
Jz•LENT•N£NT•1 
GnTO 610 
Jt•LUV 
JZ•LEAV•NOY•l 

~'3 ANY REGIONS IN LIST OA II RAY LEAVING RPP 
c 

610 tAPAIH•MAST[ACJ21 

FIG. 83. (Contd.) 
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620 

6]0 

tFI~loLEoJ2JGOTO 6ZO 
IFCNASC,GT,NRPPJGOTO 100 
JFCLSURFl6JOt700•700 

OETER~t~E REGIO~ gOJNT KP NO~ ENTERING 

on 625 J•JleJ2 
yRPRIM•M4ST[AIJl 
CALL WOWIIlRPRIMtLSURFtNASCt~T~UEI 
IFCLTRUEoGToOlGOTO 650 
cn~IT INUE 

IUY LEAVING RPP 

lF(NASCoGT,NRpPJGOTO ~4 0 

IFIL5URFl6J0'70o•640 
CALL RPP21t.SURfeXPeiRPl 
lFIJRP,GToo)GOTO 631 
t'RP~l~• O 
RETURN 

c 
C?6 RETRIEVE LOCAT( ON /NUMAER OF REGION ~NTER ~1ST 

COMPUTE BEGINNING AND END OF LIST c 
c 

631 t.TRUE•o 
L~C•LBODY•J•IlAP•tl 
L'"~C•t.OC•l 
CALL UNiCLGCtLENTeLEAV) 
L.OC•LOC•l 
CALL UN1 lt.Oc•"4ENT,NUV1 
Jt•LE~'H 
.Jl-LENT•NENT-1 
IFIJ}oGToJZ)GOTO 100 

c c;:,., DETERMINE RE'·Gt()N POINT l(p NOW ENTERING IN WEW RPP 
c 

on 632 J•Jl,J2 
JRPRI"''•MASTE~ I J l 
CALL WOWlltRPRJ~oLSURFeiRPeLTRUEI 
IFCt.TRUEoGT,Q lGOTO 650 
CONTINUE 
CONTINUE 
anro 100 

REGION POINT XP ENTERING H'S BEEN DETERMINED 

650 lFIIR,[OolRPR(M>GOTO 660 
IFCSloEOoQ,)GOTO 660 
IFISloLToooiGOTO 700 
tFIABSCSlloLE•loOE•b)GOTO 660 
IFCIVOLUM,[QolYESIRETURN 
IFCilESTGeEOtlYESIRETURN 

c_ 
C~9 RETRIEVE SPACE AND COMPONENT CODE OF ~[GIO~ 
c 

LOC•LIRF'O•JR•l 
C~LL U~ZILOC•ICOOEtiOENTJ 
LOC•LtRFO•tRPRIM•l 
CALL UNzCLOC•lC0DEltiOENT 1J 
tF<tOENT•EQ.llGOTO 655 

FIG. 83. (Contd.) 
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IFCtOENT,[Q,IOENTttGOTO 660 
RETURN 

655 IFCICOOEaNEalCOOEltR[TUAN 
660 IR•IRPR114 

GOTO 20 
c 
C10 START or ERROR DliONOSTIC SECTION 
c 

TOO IERR•l[RA•l 
WRITE 1&•9o41JERR 

IF(lVOLUM.EQolYES,OR.tTESTG,[Q,IYESIGOTO 705 
IH•ABSCHICELSIZ 1••5 
IFCMaLTeOtllH••IH 
lV•ABSCV/CELSlZ 1••5 
IFCV,LTaOtJIV••lV 
W'IITE C6t90SilHtlV 

7o5 wAITE 16t9o6lJl•Jz•LSURFtNASCtiR•S"•SttW8tlB 
c 
C12 CO~PUTE COORDINATES 0, lP AT TIME 0~ ERROR 
c 

•BOCli•XBClt•OIST 
X80C21•X8Czl•OIST 
•BDI31•X8CJI•OIST 
WRITE 16t9o71XBOtOIST 
wlltTE C6t9081 
NN•NBOOY•NRPP 

c 
C'\3 PAINT OUT PERTINENT DATA FOR ALL BOOtES IN REGION lNTEAS[CT!D 

8Y RAY FOR ERROR ANALYSIS c 
c 

c 

c 

110 

720 
7JO 

00 750 l•leNN 
LOC•LIO•l•l 
CALL UNJILOC•ll • lzt[)l 
IFI~LOOPaNEolJ lGOTO 750 
IJI<•LAIN•l•l 
A 1 N•ASTER I I Jl() 
lJI<•LROT•l•l 
ROUT•ASTER C IJK I 
l~CRIN.NEoROUTIGOTO 710 
wRITE 16t910lRlN•t 
GOTO 750 

IFIABSCAIN),NE.PINF 180TO 720 
IFIABSCROUTJ•PI NFI740•750 •740 
IF(RI N•OISTl7JOt744t74! 
I~IROUT•OISTl741•742t74l 

740 wRITE C6t91llRINeROUTelltl2•1 
GOTO 750 

741 WRITE C6t9lZIRlNtROUT•I1•12tl 
GOTO 750 

142 WRITE C6t91JlRIN•ROUT tlltl2tl 
GOTO 7!0 

743 WAITE l6t914)RlNeAOUTtll•l2•l 
GOTO 790 

144 ~RITE C6t9l!lAlNtROUTtl1tl2tl 
OOTO 7!10 

FIG. 83. (Contd .) 
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c 

c 

c 
c 

145 ~RITE t6t916)AlNtqOUTtllti2tl 

750 CONTINUE 
WRITE t6•917)1ERRtlf~AtlERAtlfAA 
TRPRIM••l 

800 tFC1EAR.6E.N61ERA)WRITf C6t918)NG1ERA 
RETURN 
END 

FIG . 83. (Concluded) 
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c 

c 

c 

SUBAOUTI~£ WOWl t.JAEGe&.S~,-,.,.[X,&.TAUE) 
OIME~StON MASTERClOOOQ I 
cnMMON ASTERC\OOOO) 
COMMON/PAREM/XBilJ•WBCl)tiA 
COMMON/GEOM/LB&S[,RIN•ROUTe&.AieL~OtPlN,tl[RRtOlST 
C()Mii40N/UNCG£111/NRPPtNTRJPtN5CALtN80D~tNRt4A"ltlaTAJPt&,.5CaL•~A£1Dt 

1 LOA TA •LAINtLROT tLIOeLOCDAt 11'5• llO •L.IOOYtNASCti<&.OoP 
CO~MON/DAVtS/IGRIO•LOOPtlNORM 
CnM~ON/WHlCH~BO 
EQUIVALENCECASTEA,M&Sl[AI 

901 FOAMATClHOt32HEAAOR IN 01 AT 140 

C1 RETRIEVE NUMBER Or BODIES lW R£GI4N AND ~OCATJON D' 
C OPERATOA/800Y LIST 
c 

CALL UN2CLOCtL0CO,NCI 
c 
C~ RETRIEVE FIRST OPERATOR/BODY 'ROM &.1ST 
c 

c 
c~ 
c 

c 
C4 
c 

c 

c 

CALL UN21LOC0t!OP,NB0t 
N•l 
lOPER• lOP 

RETRIEVE ENTER AND EXIT SURFACE NUMBERS AND NUMBER ~ LAST RAY 

lG ITEMP•L.IO•N80•l 
CALL UNJIITEMPtLAitLAOtLOOPI 

RETRlfVE BOOY TYPE ANO LOCATION Or DaTA 

ITEMP•LBODY• l*CNBO•ll 
CALL UN2CITE~PtlTYP£eLOCOAI 
IFCLOOP.NEeKLOOPIGOTO 30 

t'CITYPEoGT.lliGOTO 40 

C~ RETRIEVE AI N aND ROUT ,OR CURRENT BODY 
c 

c 

tJK•LAIN•NBO•l 
A IN•ASTEA (I ~K I 
tJK•LAOT+N80•1 
ROUT•ASTEAIIJI<l 
I 'ClTYPEeLTtl OI GOTO ~10 

C~ IS NEXT AIN/AOUT SET REQUIRED 'OA TDA OA AAS 
c 

c 
I'CAOUToL.TeOelGOTO 400 
t'CDISTeLE.AOUT l GOTO 310 

30 LRI•l 
LAO•t 
ITY•ITYPE•t 
IFCJTY,GE•t•ANOtiTY.Lftl2)GOTO 100 

40 I[AA•IERR•t 
WAITE C6•9oliiTYP[ 
RI!:TUAN 

FIG. 84. Source Listing, Subroutine WOWI 
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c 
CT CO"PUTE RIN~AOUT FOR CUAAENT 80~1 
c 
C RPP BOX SPH RCC AEC TRC [L~ RAN AAI TEt TOA aAS 

100 GnTOI110'120'llO•l40•l5o•160•17o•180•190tZ00'210'220)tlTY 
110 CALL APPCNBO) 

GOTO 300 
120 CALL BOlt 

enro Joo 
130 CALL SPH 

OnTO 300 
140 CALL ACC 

onto 300 
150 CALL REC 

Gt'ITO JOO 
160 CALl. TRC 

GOTO 300 
110 CALl. ELL 

GOTO 300 
180 CALL AAIII 

antn Joo 
1~0 CALL ARB 

GOTO 300 
ZOO CALL TEC 

GOTO 300 
ZlO CALL TOR 

Gt'ITO 300 
ZZO CALl. ARS 

c 
300 lJf\aLIO•NBO•l 

MASTEAIIJKI•~LOOP•ltS•ILA0•64*LMII 

c 
c .. ~£TERMINE CORHECT ~IN/ROUT ANO STORL lH ASTEM AliiAAY 

c 
Jtn IFIROUT.LEo OoiGO TO Jlo 

IFtA8StHIN•OIST)oGloOIST•t•OE•61GOTO 320 
RIN•OIST 
GOTO 330 

c 
321) IFIABSCROUT •OIST I .LEo DIST•l•OE•61AO~T•OlST 

c 
330 IJK•LRIN•NB0-1 

aS TEA CIJK I•AlN 
IJK•LROhNBO•l 
UTEA CIJI< hAOUT 

c 
Co TEST CONDITIONS FOR ~OINT X8 IN REGION UNDER TEST 
c 

400 I,IIOP!AoGTo4) 00TO 500 
c 
C10 
c 

I•) OPERATOR TEST RI NoLE.OIST.LT . RoUT POINT A& IN BODY 

l'IRINoGToOISTIGOTO 700 
I'IOIST•AOUT)600t700t700 

c 
Cll I•) OPERATOR TEST AOUToLEoO OR OI~ToLToAIN OR OIST.OEoROUT 

C POINT XB OUTSIDE OF BODY 
c 

500 IFIROUToLEoOe ) GOTO 600 
tFIOIST . LT.RIN >GOTO 600 
l'lOIST . fQ.RIN)GOTO TOO 

FIG. 84. (Con t d.) 
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c 
C12 
c 

600 

c 
C1l 
c 
c 

Too 

110 

720 

l'fOISTtLT,ROUT)GOTO ?On 

CHECK N[XT BODY IN OP£RATOR/BOOY LIST 

IFCN.GEeNC)GOTO 800 
N•N•l 
LOCO•LOCO•t 
CALL UN2CLOCO•IOPEReN~O ) 
I~CIOP[Re[Q•l•OR,JOPER,[Q,s)GOTO 800 
GOTO 10 

COAl OPERATOR TEST 
ALL C•l OR C•) IN lOA) SERIES MUST ~E VALlO 

IFCtOP,NEoltANO.IOP,N[,5) R[TUR~ 
IFCNeG[•NC)~ETURN 

N•N•l 
00 11 0 NN•N • IIIC 
L.OCO•LOCD•l 
CALL UNziLOCD•IOPEReN~OI 
IFtlOPER.EQ,}.OR,JOPEH,F.Q,5)GOTU 7zO 
CONTINUE 
R£.TURN 
N•NN 
GOTO 10 

P~INT XB ~1T"IN CURRENT REGION, LTAU[ • 1 

800 L.TRUE•LTRUE•l 
q[TURN 

c 
c 

END 

FIG. 84. (Concluded) 
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SUBROUTl~[ RPPINBO) 
OtMENStON PRI~).~RI6 ) .~SI6)t~ST t 61 
OlMENStON ~ASTERilOOO~l 
COMMON ASTF.R i lOOOO l 
COMHO~/PAR[M/X813)t~BIJJtiA 
COHMON/G[OM/LBASEeRINtAOUTtLAitLAOt~lN''lEAAtOlST 
cOHMON/UNCGEM/NRPPtNTAIPeNSCAL•~800Yt~AMAltLTA1PtL5CALtLAEOO• 

l LDATAtLAINeLROTtLIDtLOCOAtll5tlJO•L800YtNASCtKLOOP 
EQUIVALENCE tMaST[AtASTEA) 

901 FORMATClHOtl2HERROA IN RPP/4H L ••IlOt5Xt4HNBO•tllOt5XtlHIA•t 
l ll0/4H XB••lf20,1014H WB••lEZO•l014H PAet6E20el0/4H LA•t6110) 

c~ 
Cl SET UP SIX MEMBER ARRAY To REPRESENT COORDINATE PAIRS 
c 

~STIU•l 
l.STIZ)•1 
~9Tilh2 
~,.sr <• hz 
~!T(§)•J 
LST C6hJ 
~·o 
PRil>•o• 
PAC2)•o• 

c 
C~ RETRIEVE THE SIX 80U~OAA1ES OF T"E App 
c 

c 

00 10 I•le6 
XS (1) •S INBOel) 

10 CO~TINU[ 

1)0 100 1•1•6 
tt•LSTI 1) 
TEMP•XSill•XBilJI 
tFCWBIIIll 20•100•30 

20 t'<TE~Pl40tlOO•l00 
3~ lfCTEMPoL£,Q,)GOTO 100 
40 TRY•T[MP/Wellll 

on &o J•t•J 
I'IJeEOoll)GOTO 6~ 

c 
C1 COMPUTE INTERSECT/PLANE COORDINATE 
c 

c 
C4 OETERHIN! I' INTEASEeT OCCURS WITHIN BOUNDARY 0' PLANE 
c 

t'CCXS12*J•l)•XAY)•(lRY•XSCZ•JI)eLT•O•)OOTO 100 
60 CONTINUE 

L.•L•l 
c 
C~ CONPUT~ DISTANCE TO INTERSECT POINT 
c 

PR(L).TRY 
L.RCL>•t 
l'C~t[Q,2)G0TO 130 
I'CLoLTez)GOTO 100 
WRITE C6t90llLtNBOtlAeX8tWitPRtLR 
RnUT••PlN, 
R[TURN 

100 CONTINUE 

FIG. 85 . Source Listing, Subroutine RPP 
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c 

e 
Ct. 
c 

c 

GOTO 160 

llO I~(A9S(PAC11•PRIZIIeL!ePACll•t•OE•6)GOTO 200 
t~CPR(ti•PA(211140tl80t150 

cnMPUT[ RINt ROUTt AND SUR,AC! ~M8lAS 0' lNT[ASICTS 

140 R tN•PA C 1t 
L.Rl•L.ACl) 
ROUT•PRCZI 
L.RO•I ACZI 
RUU•III 

l!O AIN•IA(2) 
t.AI•LACZI 
ROUT•PAC1) 
t.AO•t.R(l) 
A ~!;TURN 

160 IFCL.tG!•liGOTO 18o 
c 
CT ASSIGN VALUE TO ROUT ~OR NO lNTEAS!CTlON 
c 

c 
170 AOUT••PIN' 

A[ TURN 

CA RAY ORIGINATES WITHIN RPP 
c 

c 

180 RJN••PIN, 
I.Al•o 
ROUT•PACll 
I.AO•t.ACll 
R[TUAN 

Cq OETEAMlNE IF RAY ORIGINATES WITHIN ApP OR NISS[S 
c 

c 
c 

200 00 Z20 J•lt3 
t,(X81JioLT.XSCz•J•tiiGOTO 170 
IFIX8(J),QT,XSCz•JIIGOT0 110 

220 cONTINUE 
OOTO 180 
[NO 

FIG. 85. (Concluded) 
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SUBROUTINE BOX 
OIHENStON HASTERllOOOO l 
COM~ON aSTER <lOOOOl 
C~MM0N/PAA[M/X8lJ)tW8131tlA 
COHHON/O!OM/LBASEeRlNtAOUTeLAltLAO,PfN'tl[AAfQlST 
cnM"ON/UNCGEH/NAPPeNTHIPeNSCAL•N800~tNAMAXtLTRIPtLSCALtLREGOt 

1 L0ATAtLAINtLROTtLI0tLOC0Atll5tlJO•L800YtNA5Ct~LOO~ 
[QUIVAL£NCE (HaST[RtAST[Al 

c c; RETRIEVE LOCATION OF ROX VERTEX AND H\ COOROINAT~S 
c 

CALL UNZCLOCOA,lV,IHll 
LOC•LOCOA•t 

c C' AETAlEV! LOCATION 0, 90X HZ AND Hl COORDINATES 
c 

CALl UN21LOC,IH2tlHJ) 
JHN••PlNF 
ROUhPtNF 
on \05 1•1•3 
tFII•2lll•12•13 

11 It•2 
anT() 14 

11. tt•l 
GOT() 14 

13 11•3 
1' A•o. 

VP•O• 
w•o. 

c 
C1 COMPUTE VECTOR DOT PAOOUCTS 
c 

c 

on 15 J•lo'3 
JV•tV+J 
JA•lHt+J 
VP•VP+(ASTEAIJV•ti•XBIJ)I•ASTfR(JA•ll 
w•w•wa<Jl•.sT£R IJa•tl 
A•A•ASTEACJA•ll••z 

\~ CONTINUE 
1FCWil0•20t40 

2n lFI•YP,LToO•IGOTO 200 
I'I•VP•AiloO'l00'200 

C4 COMPUTE ROUT 
c 

3, CP•VP/Ii 
l.O•z•tt•l 
JFCCP.LE•OolGOTO zoo 

c 
Ct; cn .. PUTE RIN 
c 

Cloi•(VP•A)IW 
LI•LO•l 
MTO 60 

c 
c~ COMPUTE ROUT 
c 

40 CP•(VP•Al/W 
L.O•z•tt 
IF(CPtLE•O•IGOTO 200 

FIG. 86. Source Listing, Subroutine BOX 
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c_ 
C7 
c 

COMPUTE: RJN 

CM.vP,w 
LI•LO•t 

c 
c 

60 J' fROUT.L£.CP)00TO 80 
RnUT•CP 
L~O•LO 

80 J'CRIN,O[,CMJGOTO 100 
RJN•C" 
1.rU•Ll 

100 JH1•IH2 
I~2•1HJ 

lo! CONTINUE 
IFCA~ SCRIN•ROUTt.LfeAOUT•1,0E•6JOOTO 
H' IR .. N.LT tROUT) RETU~N 

200 RtN•PINF 
AnUT••PIN' 
R!TURN 
[NO 

200 

FIG. 86. (Concluded) 
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SUBROUTINE SPH 
CO~MON AST ERilOOOO I 
COMMON/PAREHIXBC]ttWBI3)tiR 
cnMHON/G£0HILBA5EtAlNtROUTtLRitLAO,PJN'•lEARtOIST 
cOMHON/UNCG!MINRPPtNTRtPtNSCALtNHOOYtNAHAltL!RIPtLSCAL•~AEGOt 

1 LOAT&tLR1NtLA0TtLl0tL0COAtll&•lJO•LB00YtNASCtKLOO~ 

RETRIEVE LOCATION 0' SPH VERTEX AND RADIUS 

CALL UN2CLOCOA 1 ITEHP 1 1ZJ 
R•ASTEA I Ill 
tTE,.P•tTEMP•l 
OX•XB1it•ASTERCITEMP•1 t 
OY•XBCzt•ASTERCITEHP) 
oZ•X~C 3t•&ST£AIJTEMP+ll 
B•DX' IWB C 1) •OY•WB .12) •DZ•wB I] J 
c•ox•ox•ov•oY•oZ•oZ•R•R 
DIS•B•a•C 
IF CCtGTeO t iOOTO 10 

C~ RAY ORIGINATES WITHIN SPHERE 
c 

RtN••PlN' 
AOUTaSQAT lOIS I •8 
RETURN 

c 
10 tFCOlS,GTtO t iOOTO 20 

E] RA Y loCISS£5 SPtiERE 
c 

qiN•PINF 
ROUT••PJN' 
RETURN 

e 
c. RAY I NTfRSECTS SPHERf 
c 

20 DIS•SQRT lOIS I 
RIN••B•OIS 
ROUT••e•OlS 
A!TURN 
END 

c 
c 

FIG. 87. Source Listing , Subroutine SPH 
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~U8ROUTIN£ ACC 
OI~ENSION V())t~CJ) 
OlMENST ON MASTERilOOOn l 
CO~MON ASTER il OOOOl 
CO~MON/PAREM/XBt3ttW81JitiA 
coMMON/GfOM/~aAS£,~IN•AouT.LAI•~Ao.~IN,,IEAA•oiST 
COMMON/UNCGEM/NAPPtNTAIPtNSCA~tNIOOYeNAMAXeLTAlPtLSCA~tLAEODt 

1 ~OATAtLAINtLAOT,~l0tLOCDA•Il5tllOtL800YtHAict~LOOP 
EQUIVALENCE IASTEAtMASTERl 

c 
~; ~ETRIEVE LOCATION 0' ACC VERTEX AND HEIGHT V~CTOA COORDINATES 
c 

CALL UN2CLOC0AtlYelHI 
c 
C' RETRIEVE LOCATI ON OF RADIUS c 

IRA•~ASTEACLOCDA+ll 
c 
C~ RETRIEVE CCOAOtNAT£5 0, VERTEX AND H[IOHT VECTOR 
c 

H C 1) •ASTER CIH) 
~t2)•ASTEACIH•ll 
HC31•ASTEACIH•2 1 
Vlli•ASl[AtiV) 
Vtzi•ASTEACIV•ll 
V C 31 •ASTER CIV•zl 

8~ ~ETRlEV£ RADIUS 
c 

c 

A• ASTER c IRA) 
RJN••PlNF 
ROUT•PINF 

C~ COMPUTE R SQUARED 
e 

c 

ASQaR•R 
LAO•O 
I.Al•o 
TOP•o• 
POT•O• 

C~ COMPUTE VECTOR DOT PRODUCTS c 

c 
~:, 
c 

,. 
~. 
c 

HHaH(ll*H(l)•HC2)•Ht2l•HCli•HCll 
VPH•Hlli*CVCli•X8Clll+H(ZI*lY(Z)•X&Czli+HC)J•cVCl)•l8(J)) 
WH•W8 1l l•Hll)•WBCZI•Hlzi•WBC3)•HCJ) . 

COMPUTE COfFFICIENT OF S SQUARED 

O!N•HH•WH•WH 
00 10 1•1•3 
TOP•TOP+WaCII*C XBCll•Yll ) ) 
POT•POT•CXBCll•VCllJ••z 

10 Cf'INTINVE 
AMBD••~H•TOP•WH•VP" 
UM•CPOT•ASQ)•HH•VPH••z 
IFCWHI40•?0•SO 

SOLV£ iDA AI~ AND ROUT 0~ PLANE INT~ASECTJONS 

4(1 CP•YPH/WH 

FIG. 88. Source Listing, Subroutine RCC 
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c 

CM•CVPH•HH)/WH 
l.C:P•l 
&.CM•Z 
GOTO 60 

~0 CP•CVPH•HH)/WH 
c.-•VPH/WH 
L.CM•l 
L.cP•z 

60 lfCCP)]OOt80t80 
10 cP•PINF 

CM••CP 
I'(VPHoGT.o.IGOTO lOO 
IFCHH•VPHtJ00•90•~0 

an IFCABSCOENI.GE,l•0[•6 1GOTO 90 
Al••PINF 
A2•PINF 
GOTO 100 

90 IU•O• 
R2•o• 
aMBDA•~v•aoloEN 
UMU•UII4/0EN 
OISC•AMBDA••z•UMU 
IFCOISCol.E.o•tGOTO 100 
SO•SORT <DISCI 

eQ SnLVE FOR RlN AND ROUT OF QUADRATIC INTEAilCTIONI 
c 

Rl•A~BOA•SD 
R2•AI'4BOA•SD 

100 IFCCMoGToA}IGOTO 110 
AII\j•Al 
LRI•J 
onro 120 

110 ~'IN•CM 
t,.AI•LCM 

120 IFC CP•LE•R21GOTO 130 
AnUT•~2 
I.,.AO•J 
GOTO 200 

130 RnUT•CP 
&.RO•LCP 

200 lFCAB!CROUT•AINI.&.!.ROUT•l•OE•!IGOTO lOO 
GOTOC210t210•220ltl.~O 
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c. 
C10 DETERMINE I' ROUT INTERSECTS P&.ANE WITHIN CYLINDER CROS,•SECTION 
c 

210 Fl•DEN.ROUT••2•2 •• AMBO•AOUT•UM 
IFCFlll50t250tlOO 

c_ 
Cll onES ROUT INTERSECT 0' QUADRATIC SU~'ACE OC~UA B~TW~EN ~LANES 
c 

220 Fl•ROUT•WH•VPH 
IFCF1)J00t250t230 

230 IFCFleiTeHH) GOTO JOO 
. 250 GOTOC260t260•270ltLRl 
c~ . 
Ct2 DETERMINE I' RIN INTERSECTS P&.AN~ WITHIN CYLINO~R CROSS•SfCTlON 
c 

260 Fl•D!N.A1N••2•2,•4M80•RIN•UM 
IFCFllllOtllOtlOO 

FIG . 88. (Contd.) 
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c 
C1l DOES RIN INTERSECT OF QUADRATIC SURfACE OCCUR BETWEEN P~ANES 
c 

c 

270 Fl•RJN•W~•VPH 
IFCFliJ00tJl0•280 

28ft t,CFl.LEeHH)OOTO 310 

C,4 RAY MISSES eooy 
c 

c 
c 

lOO RIN•PINF' 
ROUT••PlNF 
LRO•O 
UH•O 

310 RETUP.N 
[NO 

FIG. 88. (Concluded) 
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SUBROUTINE REC 
DtM[NSION Vl)ltHI~I•A(]ItBlJ) 
COMMON ASTERilOOOnl 
COMMON/PAAEMI~BI])t.BI]ItlA 
COMMCN/G[OM/LBASEaAINtROUTtLAltLAOt~INftlEAAtOlSf 
cOMMON/UNCGEM/NAPPtNTRtPtNSCALtNBOD~tNAMAXtL!Al~tLSCALtLAE&O• 

1 LDATA•LRINtLAOTtLI0tL0COAtllS•llOtL80DYtNASCtKLOOP 
c 
Cf RETRIEVE LOCATION Of A£C VEXTEX AND HEIGTH Y~CTOA COORDINATES 
c 

CALL UN2CLOC0AtiVtlHI 
LOC•L.OCOA+l 

e~ RETRIEVE LOCATION 0' REC COOROJhATE~ fOR AXES 
c 

c 
C1 
c 
c 

c c. 
c 

CALL UN21LOC,tA,l8l 

RETRIEVE COOROINATE$ 0~ VEAT[X, Hfl!HT VECTOR, S~MI•MAJOA AX IS 
AND SEMI•M{NOR AXIS 

Vtli•AST[RIIVI 
Vt21•ASTER I IV+t ) 
VIJ)•AST£A(IV+2 1 
HCtl•AST[AIIHl 
Hlzi•ASTER~IH•tl 
HIJI•ASTEACIH+z l 
A(} l •ASTER I IAI 
AI21•AST[A (lA•tl 
AIJI•ASTEA IIA •21 
Bl}l•ASTER(lBI 
BCzl•aSTER<lB• tl 
BIJ I • ASTERIIB+l l 
RtN••P INF 
ROUT•PJIIII" 
L.RO•O 
LRI•o 

COMPUT[ DOT PRODUCTS 0, A.A AND 8~8 

AA•ACli•Atl i •AI2)eAC21+ACli*ACll 
BB•B i tl•Btti•Btzle9(21+BIJI•8CJI 

c 
C~ COMPUTE CV•XBI FOR XtYtZ COORDINATE~ 
c 

VlXBl•VIl l •XBill 
vzxez•VI2l•XBC21 
VJXBJ•VIJI•XBC3l 

c 
~6 TRANS,OAM XBCXtVtll TO THE COORDlNA!ES 0, THE AEC 
c 

VPA•VlXBl~ACli•V2~B2*AI21•V3XBl•AtJ) 
VPB•VlXB\•&Cll•V2XB2•8C21•VJXBJ•&C31 

c 
Cj TRANS,ORM WBCXt Y•ZI TO THE COORDlNA!ES Of THE REC 
c 

W8A••Bil)~AClJ•W8(2 ) *AC2)••BtJI•ACJ) 
WBB•W8Cl)•~Cli+~Bl21•erz!+WBIJ)•8C]I 
WBAWBA•WBA•WBA 
W99WB8•W88.WB8 
AUA•U•u 

FIG . 89 . Sour~~ Listing, Subr outine REC 
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aaaa•aa•aa 
.~ao•waa•vP,•aaaa•wae•vPa•••A• 
U~8888B.VPt•YPA•AAAA•Y~8•VPI•AAAA•IB88 
D!~•WBaWBAe&BBB•WBBWBB•AAAA 
IFCABStOENJeLI•l•OE•6J80TO 10 
AM80A•&fi480/0EN 
UMU•UMIOEN 
OISC•A~BOAi•z•UMU 
t~fOJS(eLltO•JGOTO 300 

g~ COMPUTE THE INTERSECT POINTS ON THl QUADRATIC SUR,ACC 
e 

SO•SQRTCDISC) 
A1•aMBOA•So 
R2•AMBOUSO 
OOTO ZO 

10 Al ... PIN' 
A!•PIN' 

ZO HH•HCt)•HCtJ•Hizt•Htzt•HC)J•HCJ) 
WH•WBiiJ•H(lJ•WBCzJ•HCzt•WBC)J•HCJ) 
VPH•YtX&l*HilJ•Vzlgz•HlzJ•V]XBJ~C]) 

c 
C~ DETERMINE tF RAY PARALLEL TO PLANAR SUA,ACES 
c 

IFCWHJ40,10,50 
40 IFCVPH.OE•O•tGOTO JOO 

c_ 
C10 Cnfi4PUTE THE INTERSECT POINTS ON THE PLANAR SUA,ACEI c 

CP•VPH!WH 
C~•IVPH•HHJIIIIH 

I.CP•l 
I.CM•z 
OOTO 100 

IJO VPHHH•VPH•HH 
IFCVPHHHeLE•O•tGOTO lOO 
CP•VPHHH/WH 
CM•YPH/WH 
L.CM•l 
L.CP•z 
OOTO 100 

10 CP•PINI' 
CM••CP 

100 IF(Cfl4eOT.AtJGOTO 110 
c 
C11 AIN FOR THE QUADRATIC SURFACE 
c 

AtN•Al 
LAI•l 
GOTO lZO 

c 
CtZ AIN FOR A 'LAHAR SURFaCE 
c 

c 

110 RIN•Cfl4 
LAI•LCM 

120 I'CCP.&.EtAZ)GOTO 110 

C1l RnUT FOR TH[ QUADRATIC SURFACE 
c 

FIG . 89. (contd. ) 
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130 ROUT•CP 
LAO•L.CP 

ZOO l'CABSCROUT•R1N), l.EtAOUT•l•0£•!)00TO lOO 
GOTOC210•210t220),L.A0 

TN 4565-3-71 Vol II 

c_ 
C1! 
c 

DETERMINE IF ROUT 0' PLANAR SURFACE OCCURS WITHIN !LLI,TJC 
CAOSS•SfCTION 

c 
21ft F1•DEN.AOUT••2•ZoeAM90eAOUT•UM 

I'CF1)Z50t2!0•300 
c 
Ci6 DETERMINE I' ROUT OF QUADRATIC OCCURS BETWl~N PLANAR SUR,ACES 
c 

220 Fl•ROUT•WH•VPH 
1'''1)300•2!0•230 

230 I'CFloGTeHH)00TO 300 
. 250 OOTOC260t260•270),L.Al 
c_ 
C1T O!T!AMINE I' RIN 0' PLANE WITHIN [LLIPTIC CROSS SECTION 
c 

c 

260 Fl•O[NeAJN**2•2o*lMBO•AlN•UH 
tFCF1)310•310•300 

~18 DETERMINE IF RIN OF QUADRATIC SURFA~£ BETwE~N PLANAR SUA,ACES 
c 

210 Fl•RIN•wH•VPH 
IFCFl)JOOt31 0• 2BO 

280 IFCF\eL.EtHH )OOTO 310 
c_ 
~19 RAY MISSES BODY 
c 

c 
c 

300 RtN•PtN' 
ROUT .. PINF 
LRI•O 
I.RO•O 

llO R[TUAN 
END 

FIG . 89. (Concluded) 
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SUBROUTINE TAC 
OlM(NSt ON VC31tH C) I 
OtMENSt ON MASTERClOOOO l 
COMMON ASTER i lOOOOI 
COMNON/PAR[MIXBCJ)t~BC]ltiA 
COMMON/GEON/LBASE,AINeAOUTeLAitLAO,PJN,,J[AAeDlST 
CONMON/UNCGEM/HAPPeNTAJPtNSCALtNBODYtNRMAleLrAIPeLICAL•LAEID• 

1 LOATAtLAJNeLAOTtLI0tLOCDAtll5tllO•LBODYtNASCtKLOOP 
!OUIVALENC!CM&STERtAST[R) 

c 
C1 A!TRIEV£ LOCATION 0' TRC VERT£~ AND HEIGHT V~CTOA COORDINATES 
c 

CALL UNZCLOCOAtiYelH) 
LOC•LOCOA•l 

c 
~1 RETRIEVE LOCATION 0' TRC RADII 'OR LOWER &AS£ AND UPPER BAS[ 
c 
c 
C~ RETRIEVE COORDINATES 0' VERTEX AND H[IGHT VECTOR 
c 

c 
C4 
c 

c 
c~ 

c 

c 

VC\I•ASTEAClYl 
VCZl•ASTERCIV•ll 
VC)l•&STEACIY•21 
Hlli•ASTEACIHI 
HC21•&STERCIH•1l 
H(]I•ASTEACIH•ZI 

A!TRIEVE R&OII 0, LOWER AND UPPER BASES 

RB•ASTERCIABl 
RT•ASTERClATOP) 
AtN••PtN' 
AOUT•PI~F 
LAO•o 
LRI•o 
INTSEC•O 
INTRl•o 
tNTAz•o 

COMPUTE COORDINATES 0, CV•XBI 

V1X81•YCll•X8C11 
Y2~9z•vtzi •X&tz) 
Y3X83•VC3l•X8C3) 

~~ COMPUTE DOT PRODUCTS 
c 

c 
C? 
c 

PVPV•YtX8l.VlXB1•V2XBZ•VZXBZ•VlX83•VlXBl 
VPw•V}XBt•W&Ctl•v2xez•WBCzl•YJX8J•W~(JI 
WH •WBCl)•HCli•WBizl!HCz)•WBCJI•HCJI 
VPH•Y}XBl•HCti•VzXB2•HCZ)+YJXBJ•HCll 
HH•H(l)•HCt)•HCz)•Htz)tH(J)•HC]I 
RTAB•RT•RB 

COMPUTE CZ QUANTITY 0' QUADRATIC £Q~&TJON 

ABATVP•AB•YPHeRTABIHH 
YPHHH~VPH•HH . 
UM•HH•CPVPY•AB~TVP••z)•VPH•VPH 
AMIO•HH•VP~•WH•lYPH•AT~B•ABATVPI 

FIG. 90. Source Listing, Subroutine TRC 
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c C• TEST 'OR RAY PA~ALLEL TO EITH!R SID~ 0' CON[ 
c 

t,tA8SCDEN)oGTeloOE•&)G0TO •O 
IFCATA&oEQ•Oe)80TO ZOO 

TN 4565-3-71 Vol II 

c CO COMPUTE INTERSECT WITH QUADRATIC IU~;ACE 'OR RAY PAAALL~L TO SlOE 
c 

c_ CtO T!ST l' INTERSECT BETWEEN PLANAR SuR;ACES 
c 

c 
c1t 
c 

c 
C12 
c 

c 

10 

20 

.lO 

tFCFloLT,O,)GOTO 200 
tFlF}oGToHH)80TO 200 
fNTSEC•lNTSEC•l 
!,lWHat.E•O•)GOTO io 
lFCRTR8I~OtZOt30 
IFCRTR8130t30t20 

ASSIGN SUR,ACE tliT NUMBER AND ~UT ,OR QU~OAATlC JUA'A~E 

L,RO•l 
AOUT•A2 
Gt)TO 2'0 
ASSIGN SURFACE ENTAV NUMBER AND R1N ,OR QUADRATIC SUA,A~E 

t.lli•J 
~!N•A2 
tNTSEC•INTSECt\ 
MTO 210 

40 AHBOA•AMBD/OEN 
UMU•UM/OEN 
OISC•AMBDA••z•UHU 
tFCOJSCI350t200t50 

g,J SOLVE ~OR VALUES OF QUADA~TlC [QUArlON 
c 

50 SO•SQRT !DISCI 
Al•AMBOA•SD 
A2•.AMBOA•SO 
't•A2GIIIH•VPH 

~1. TEST FOR INTERSECT 8ETWIEN PLANAR S~R,ACES 
c 

l'lFloLTeDaiGOTO 60 
I,(FleLEeHHIINTRZ•lNT~z•l 

60 Fl•Al•WH•VPH 
t'''l•LT•Oa)GOTO TO 
tFCFleL.EoHH)GOTO 80 

10 lFClNTR2•LTol)GOTO 200 
AnUT•Rz 
RtN•R2 
LR0•3 
LR1•3 
INTSEC•lNTS!C•l 
GOTO 200 

FIG. 90. (Contd.) 
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8G tNTA1•tNTAt•l 
tFCINTR2eGE.liGOTO 90 
AOUT•Rt 
AIN•Rt 
LAO•J 
l.AI•J 
t~TSEC•INTS!:C•1 
OOTO 200 

90 fFCRl•R2tlOOtl50tllO 

gi! COMPUTE RIN AND ROUT ~OR QUADRATIC fUAFAC( 
c 

c 

100 AIN•Al 
ROUT•R~ 
LRO•J 
LA I•) 
GOTO 300 

110 RIN•A2 
AOUT•A1 
LAO•] 
LAI•l 
OOTO 300 

ZOO IFIWHI210t350t2SO 

c_ 

210 IFIVPH,GEeoeiOOTO J!O 
CP•VPH/WH 
Fl•CP•cP•z,•CP•VPw•PVPY•R8•A8 
IFCFt•GT•OeiGOTO 220 

C16 COMPUTE ROUT FOR EXIT FAOM V•PLANE ~UA,ACE 
c 

IN TSEC•INTSEC•l 
R(')UT•CP 
LAO•l 
IFCINTSECeGE•2100TO 300 

220 CM•VPHHt41WH 
Ft•CM•cM•z,•CCVPW•WHt•cN•VPHI•HH•PVPV•AT•AT 
IFIFtoGToQeiGOTO JSO -

~;1 COMPUTE AtN FOR ENTMV INTO V•H PLAN[ SUA~ACE 
c 

250 

c_ 
~18 
c 

260 

RIN•CM 
LAI•2 
OOTO lOO 
IFCVPHHHoLTeOoiOOTO 35o 
CP•VPHHH/WH 
Ft•cP•cP•z,•CIVPW•WH)•cP•VPHJ•HH•PVPY•AT•RT 
IFIFleOTeOeJGOTO z6o 

COMPUTE ROUT fOR EXIT FROM Y•H PLAN~ SU~ACI 

INTSEC•INTSEC•l 
AC'UhCP 
'-~o·z - . . 
tFIINTSEC,G[•2IOOTO lOO 
CM•VPH/WH 
Ft•CM•cM•z,•CM•YPW•PVPY•R&.A8 
IFCFtaOTeOe)GOTO JSO 

FIG . 90. (Cont. ) 
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c 
. lOO IFCABS(ROUT•RINI•ROUT•l·OE•51l50tl50.J60 
c_ 
C~O RAY Ml55£S TRC 
c 

c 
c 

350 AIN•PINF 
AnUT••PINf 
L.AI•o 
L.RO•O 

160 RETURN 
END 

FIG . 90. (Concluded) 
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c_ 
c, 
c 

c 

SUBROUTINE ELL 
OI~ENSt ON FOCTA (J ) tf0CIBCJI 
Ol~ENSJON MASTE~IlOOOn l 
COM~ON ASTERilnoOn' 
cnM"ON/PAR[MIXBIJitWBC]ItlA 
COMMONtGEOM/LBAS[tAlNtAOUTeLAI•LRO,PtN,tl[AAtQlST 
co~MON/UNCGEM/NAPPtNTNIPtNSCALtNBOCYeNAMAltLTAlPtLICALtLA[GOt 

1 LOATAtLAlNtLAOltLl0tL0COA•ll5tllOtL80DYtNA$ctKLOO' 
[QUIYALENCE CAST[RtMASTER' 

AETAllV[ LOCATION 0' ELLIPSE 'Otl AND L[NGTH ITOAaGE POSITIONS 

CALL UNZILOCOAeiYltiVII 
tAR•MASTEACLOCDA+J) 
,OCIACti•ASTERilYtl 
FnCJAC~I•ASTEAIIYt•tl 
FOCJACJI•ASTERCIYl•ll 
FnCtBCli•ASTEACIYz~ 
FnCIBCzi•ASTEACIVz•ll 
'nctBI)I•ASTEACtYz•zl 
C•ASTERllAAI 
AIN•PlN, 
AOUT••PlN' 

C' COMPUTE COORDINATES 'OR YECTOA 01 ANO DZ 
e 

c 

OlX•XBcli•FOCIACll 
DlY•XBC21•FOCIAIZI 
DlZ•XBfli•,OCIAill 
OzX•X&Cli•FOClBC}I 
OZY•XBCZI•FOCIBIZI 
ozZ•X&CJI•FOCIBIJ) 

Cl COMPUTE DOT PRODUCTS c 
Al•2••fDl~••Bil)•OlY•wB(Zl•DlZew8Clll 
az•z·• !oz•••sctl•ozv•wel2 •ozZ••aCJfl 
Bt•DlX~OlX•OlY•DtY•OlZ•Dll 
az•ozx•oz••ozv•ozv•ozz•ozz 

~6 tnMPUT[ A AND 8 

c 

AA•IA2•Ali/C2,•CI 
es•cc•c•ez•stllrz.•cl 
CnNPUT[ LAMBDA AND MU 

lLAMO•AA.AA•le 
ALAMl•f-A•&Bee!•AziiALAMO 
U•CBB•BB•BZ,IALAMO 

~~ COMPUTE AlN AND ROUT 
c 

e 
c 

DISCRN•ALAMl•ALAMl•U 
JF(OIStRMtLf•O•IA!TUAN 
SORTOI•SQRTfOISCAM) 
AIN••ALAMt•SOATOI 
AOUT••ALANt•SQATOt 
A! TURN 
[NO 

FIG. 91. Source Listing, Subroutine ELL 
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SUBROUTlN[ RAW 
OIM!NSION Hl(lltH21J)•Hlll)tV(])tASQ())tPVC41tGI)I 
COMMON ASTERilOOOOl 
C~~MON/PARE~IXBCllt~BCJltlA 
cOMMON/0£0MILBASE•AlN•ROUTtLAJtLA0t~IN,tl!~AtOIS! 
C0MMONIUNCGEH/NAPPtNTAlPtNSCALtN80DYtNRMAXtLTAlPtL5CALtLR!GOt 

1 LOATAtLRI~tLA0TtLI0tLOCDAtll!•lJOtL80DYtNASCtKLOO~ 
c;_ 
C1 RETRIEVE LOCATIONS 0' VlRT!l ANO LENGTH ~ECTORI 
c 

c 
C7 
c 

c 
~\ 
c 

CALL UN2CLOCDA,IV,lHl) 
L<\C•LOCDA•l 
CALL UN2CLOCtiH2tlHJ) 
Hlt!I•ASTEAIIHll 
Htlzl•aST[RIIHl•tl 
H113l•AST!AllHl•21 
H21tl•aSTEAilH21 
H2(21•A!TERCIH2•11 
H2Cll•aST[RIIH2•21 
HJCti•A!T!RClHJI 
HJ IZI•ASTEAIIHJ•ll 
HJ(J)•aST[ACIHJ•Zl 
V(ll•ASTfACIVI 
vtzi•ASTERCIV•l l 
VIJI•AST[ACtV•z l 
AIN••PtN' 
ROUT•PtN, 
CM••PJNF 
CIZ•PIN, 
L•O 
Ll•O 
IC•o 
LAl•O 
LAO•o 

COHPUT! A 

ASQCl)•Hl(l)•Hllll•HliZI•HlCZ)•HlCli•HlCl) 
4SOCZl•H2t}I•H21li•H2CZI•HzCZI•HZCJI•Hzlll 
ASQC]I•HlCli•HlCll•H)fZI•H]t21•H3t31.Hltl) 

COMPUT! P 

XBlVl•lCBCl)•VIl l 
X92V2•X912)•VI21 
XR)V]•XB(J)•VI)l 
PVCli•X8lVl•Htlli•XBZVZ•HlCZI•X83V3•Hllll 
PVC21•X81V}•H21ll•lBZVZ•HzCZI•X83VJ•HzCll 
PVCJI•X81V}•HJIJl•XBZVz•HJ(ZI•X8JVJ•Hl(JI 

C . 
C& COMPUT! G 
c 

c 

Oll)•WBCl)eHlll)•WBC2)•HlllJ+WBCl)•HlC3) 
GC21•WBC1)•M2Cll•wBCZI•HZCZI•W8Cli•Hztll 
GCli•WBClJ•Hllll•w&CZI•HlCZI•WBCJJ•H]CJI 

on 1•o I•l•2 
I'CGIIIIlOtllOt60 

10 I'C•PVCIIIZ0•400•400 

FIG. 92 . Source Listing, Subroutine RAW 

677 



TN 4565- 3-71 Vol II 

c_ 
COMPUT! 51 OA 53 c~ 

c 
20 T!MP••PVCI)/GCl ) 

l'CT[MP•CP)]OtllOtllO 
lO cP•TIMP 

l.•t 

4G 
80TOC4o•50itl 
LA Oil] 
GnTo llO 

sn LAll•l 
GOTO llO 

60 I'C•PVCIIeLE•O•)OOTO uo e 
e• COMPUTE Sl OA 53 
c 

TEMP••PVIl)/Ocl) 
I'IT!MPoL!.CM)OOTO llO 
CM•TtMJ 
Kilt 
00TOC9o•lOO) tl 

90 LAI•l 

100 
onTo tio 
LAI•l 

e canTo uo 

110 I'CPVCIIeL!.OoiOOTO 8lO 
IFCPVCJI•G!oASQCl))QO 0 810 

136 Lt•Lt•I 
140 CONTINUE 

c 
1'(0(])1150t210tll0 c_ 

CT COMPUTE 56 
c 

l50 T!MPIIASQCJ)•PV(JI 
I'CT!MP.G!eOaiGOTO 180 
TIJMP•f£MPIGC31 
I'CT!MP.L! . (MIGOTO 190 
cM•T(MP 
K•l 
LAI•6 

180 l'C~PVCl))t90t400•400 
c 
ca COMPUTE S! 
c 

190 TEMP••PVIl)/GCJ) 
l'CT!MPoO(.CP)GOTO 
CP•T!MP 

290 

1.•3 
LAO•S 
onTo zto 

c 
210 l'CPVI]IeL!eOoiOOTO 400 

I'CPVC])•ASQ(]IIZ90tZ90t400 
c 
~9 COMPUTE 15 

c uo I'C•PVClleL!.O.)OOTO 160 
T!MP••PVIJ)/GCJ) 

FIG. 92 . (Con t d. ) 
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l'lT[NPtLEoCN)90TO Z60 
CM•T!NP 
K.-J 
L.Al•5 

ho COMPUT! 56 
c 

260 TEMP•A5Q(l)•PVc3) 
t'CT!MPoL[eOo)GOTO 400 
TEMP•T[NP/G(J) 
~'CT[NPe9teCP)90TO Z90 
CPeT[MP 
L.•J 
L.R0•6 

c_ 
C1l 
c 

290 

COMPUTE SZ 

110 

e 
llo 

e 
l~O 

310 

380 

c 
400 

c 
a to 

llo 

c e 

AO•A5QcZt•G(lt•ASQ(lJ•Gc2J 
PVC4J•PY(lt•ASQl2t•PVCZ)•ASQCtl 
TOP•ASQCli•AS0CZI•PVC4t 
tF(A011lO•J50•ll0 
T!MP•TOPIAG 
t~(T[NJoLEoCNlGOTO JIO 
C114•Tf:MP 
I(•• 
&..Rt•z 
enro 380 

tFCTOP,LToOolOOTO 400 
T[MP•TOPIAG 
I'CT[MP•CPJ370tl80t380 

lFCPYC.Iol..t•O•IGOTO 400 
IFC•T0Pl380t400•400 
eP•TEMP 
L.•• 
LA08Z 
l'CLtK,LteotOOTO uo 
ROUT•CP 
AIN•CM 

lFCROUToGt.PINFIGOlO 810 
tFIROUToLEoOo)GOTO 810 
l'CRJN,GE,AOUT>GOTO 110 
tFCABSCAIN•ROUTJ,eT.~OUT•t•O[•SIGOTO 

AOUT••PIN, 
AJN•PlN' 
L.RO•O 
L.Rt•o 
~!TURN 
~0 

120 

FIG. 92. (Concluded) 
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c 

!UBROUTl~E ARB 
OtME~StON AAC6e4)eXPCl) 
CnM~ON ASTER i lOnOO ) 
COMMON/PAA[M/X813l••BCJ)elR 
C0M~O~/O[OM/LBA5E•RINtAOUTtLRitL~Ot~IN,tlCRRtblST COMMON/UNCGEM/NRPPtNTAIPtNSCALtNBOOY,NRMAXt,lAlPtLSCALtLRIGDt 1 LOATAtLRINtLAOTtLIOtLOCOAtll!tlJO•LBODVtNAIC·K~OO' 

Cl RETRIEVE PLANAR EQUATIONS ,ROM AlTER ARRAY c 
LOC•LOCDA•l 
on 10 t•ltts 
LOCIILOC•l 
CALL UNZCLOCtLDeLC) 
AAiltl)•ASTERILCI 
AACltZI•A!TEAILC•l) 
AAile3)•AST£ACLC•z) 
AAClt4)•ASTEAILD) 

10 cnNTINUE 
RJN••PtN' 
ROUTePtNf' 
\,.RO•o 
l.Rl•O 
s,•o. 
sz•o• 
Ll•O 
Lz•o 
on 7o 1•1•6 

c 
C' CO~PUTE NUMERATOR AND DENOMINATOR O! DISTANC~ IQ~ATION c 

c c, 
c 

c c. 
c 

c 

~0 
)0 

•o 

50 

D•AAil,4) 
SNU~•·D•AACltl)•XBill•AAiltz)•XBCz)•AAIItJ)•XB(J) !DEN•AAIItti•W& Ili•AAlltZI••aczJ• AACitJ)•IICJ) tFCSOENIZOt70eJO 
l'CSNU~l40t70t70 
f'I$~U~I70•70t40 

COMPUTE INTERSECT DISTANCE 

S.S~UM/SDEN 
on 50 K•l•l 
XPCKI•XsiKI•S•WeCKI 
CONTINUE 

TEST l' INTERSECT POlNT IS ON AA8 

no 60 Jel,6 
I'ct.!OeJ)QOTO 60 
TIIAAIJtli•XPCli•AAIJ•zJ•XPCZ)•AAIJtli•XPIJ)•AACJt4) I'IABSCT),LE•l•of•6tf•o• -
l'CToLT•O• )QOTO To 

60 CONTINUE 
t'ILleGTeCtOOTO 6! 
1.1•1 
Sl•S 

_ GOTO 70 
6! I'IAISCSl•'),GTe)e0£•6t&OTO 100 10 cnNTINUE 

FIG. 93. Sour ce Listing, Sub routine ARB 
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c 

c 
c 

l'IL1)200t200el!O 
100 92•5 

L2•J . 
I'IABSCSt•SZ) eLEeSl•l•OE•!IGOTO ZOO 
l,($1•521ll0t200•120 

1111 AtN•Sl 
RI')UT•Sz 
L.Al•Ll 
I.AO•I.2 
A! TURN 

120 R!N.S2 
LRI•I.2 

130 RnUT•Sl 
l.AO•Ll 
A[TURN 

TN 4565-3-71 Vol II 

1!0 DO 160 J•lt6 
JFILl•[OeJIGOTO 160 
Tt•AACJtli•XB i ll•AAIJ•zi•XBlZl•AAIJt3)•l8()1•AAlJe41 
tFIABSITll•LE • l • OE•&)l t •O• 
IFITlei.Teo,IGOTO 200 

UO CONTINU! 
onro 110 

ZOO RtN•PIN' 
AOUT••PtNF 
LRI•O 
I.AO•o 
RETURN 
!NO 

FIG. 93. (Concluded) 
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c_ 
c, 
c 

c 

SU8AOUTIN£ TEC 
OtME NS tON VXB IJl•HIJl .~NIJltAAI~)t8~C3) 
DIMENSION ~ASTERI } OOOOl 
CO~~ON ASTERilOOOnl 
C0MMON/PAA[M/l8Clt••8(]JtiA 
tnMMON/0[0M/L8AS[tAINtAOUTtLRitLROt~IN''l!AAtOll! 
COMNON/UNCO!M/NRPPtNTAIPtNSCALtNIOOYeNAMAltLTAIPtLSCALtLA!IOt 

1 LOATaeLAINtLAOTtLI0tL0COAtl15tllO•LIOOYtNASCtKL~ 
!OUlVALENC!CAST!RtMAIT!RJ 

RETRIEVE LOCATION 0' VERTEX ANO H£1~T VECTOR C00ADIHAT!S 

CALL UN2CLOC0Ae1V,JH) 
LOC•LOCDA•t 

RETRIEVE LOCATION OF NORMAL AND AXE! COOAOINATES 

CALL UNZCLOCeiN,IAJ 
LOC•LOC•l 

~l RETRIEVE LOCATION OF LENGTHS O'' IEMI•MAJOA Alii AHO 
~ S!MI•MtNOR AXIS OF 8AI! ELLIPSE 
c 

CALL UN21LOCtiR1eJR2l 
c 
C• RETRIEVE LOCATION or THE RATIO Of TH[ LAAGER TO IMALL!A ELLIPSE c 

c. 
~~ RETRIEVE COORDINATES Dr VERTEX AND COMPUTE COORDINATES 
~ n' CV•l8) VECTOR 
c 

c 

YXBil )•ASTEAIIVl•XBClJ 
VXBizl•ASTE~ClV•tJ•XBizl 
VXBill•AST!AClV•zl•XBCJ) 

CA RETRIEVE COOAOINATES 0, HEIGHT VECTOR c 

c 

HclJ•ASTEAciH) 
HC2J•ASTEACIH•ll 
Hlll•AST!ACIH+zl 

Cj Rl~AlEY£ COOAOINAT!S 0, NORMAL TO lASE ELLIPSE 
c 

e 

HNClJ•A!T!ACIN) 
HNCzJ•ASTEACIN•tl 
HNCJJ•AITERCIN•ZJ 

C~ RETRIEVE COOROINATES OF SEMI•MAJQR AXIS OP lASE lLLIPIE e 
AAill•AST!RCIAl 
AACtl•aSTEACIA•l) 
AA(3)•ASTERC1A•2) 

~. COMPUTE I!MI•Ml~OR AXIS UNIT VECTOR O' lASE £LLI'Sl e 

FIG. 94 . Source Listing, Subroutine TEC 
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e_ 
C10 c 
c 

e_ 
Cll e 

TN 4565-3-71 Vol II 

A[TRIEYE LENGTHS 0, SEMl•MAJOA AND ~Ml•MINOA Alii Of' &AI[ 
ELLJPS! AND RATtO W LAAGER TO IMALL!A I:L&.l'Sf 

A1•AST!:R ClRl) 
Rz•AST!RCIAzl 
RA•a5T[A ( IR3 I 

COMPUTE LENGTHS 0' SEM!•MAJOR •hD SlMI•MINOA alES ~ TOP fLLlPI! 

Al•Al/AA 
A4•R2/AA 

e 
C12 START or COMPUTATIONS 'OR DOT PRODUCTS 
c 

c_ 
~,. 

c 

HDN•DOTfHtH~) 
H01•00f(MtU) 
Hoe•ooTCH•ee' 
WON•DOT OIIBeHN) 
WDA•DOTIWB•AA) 
wDB•OOTIIIIBt88) 
VXBOH•DOTCVXRtHNI 
VXBDA•OOTCVXBtAA) 
VXBDB•DOTCVX8t88J 

TEST TO DETEA~!NE I, RAY IS PARALLEL TO T~ AND BA~ PLANES 

lFCABSCWON)eGT.o,oOOl)GOTO ZO 

COMPUTE RATIO ON NORMAL TO HEIGHT 0~ HIT 

GAMMA • ·~XBDN!HDN 
l'(GAMNAeLT•O•O ,OAt GAMMA.GTel•OI GOTO 500 
A•GAMHa•A]•At•Cle•GAMHA) 
B•GAMMA•A4•A2•1Je•GaMMal 
aSO•a•a 
aso•a•a 
T••VXBOA•GAMHA*HDA 
Ta•v•aoe•oa~Ma•HDB . 
OEN•85Q•WDa•WDI•ASO•W08•W08 
I'CIBSCOENJ.LEeOtOOOlJ80TO 500 
aMBOA•eSO!WDa•TA•AS~•woe•Ta 
UM•8SO•TA•TA•ASO•TB•TB•ASO•BSQ 
OISC•IN8DA•AM80A•O£N•UM 
I'COISCeLT•O•OI GOTO SOD 
DtsC•SQAT (DISC) 

c_ C15 COHPUT[ RIN AND ROUT AND ASSI8N SUA,ACf N\J1148£A ,OA 
C RtN AND ROUT WITH QUADAITlC SUA,ACt-
C 

RIN•CAMBDA•DISC)/OEN 
ROUT•CAMBOA•DISCI/DlN 
LAI•3 
LAO•l 
GOTO •oo 

20 TAU•CAi(A2)••2 
R!SG•Rz•Az 

FIG. 94. (Contd.) 
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TqzSQ•TAU*RZSQ 
TR4Rz•TAU*CRz•R4J••z 
TRR4qzaTRZSQ•TAU*RZ*R4 
8ETA•VlCBON/WON 
ALPHA•HON/WON 
TAt•ALPMA*WOA•HDA 
TBl•ALPHA*WOB•HOB 
TAz•VXB0l•8ETA*WOA 
T~2•VX&OB•aETA*WD8 
DEN •TAl*TAl•T~U!T8l*T8l•TR4R2 
A~BDA•Tat•Taz•TaU•Tal•Taz•TRR4RZ 
~~ •T•z•T•z•Tau•rez•raz·TRzsa 
tFCABSCDENioGT,n.UOOliGOTO 150 lF(AloEOoAJ)GOTO 100 
lFCAMBOAoNE•O•OIGOTO 110 

c 
C17 THE RAY MISSES THE QUADRATIC SU~FACE OF THE TEC c 

100 Sl••PlNF 
S'•Pli'IIF 
GOTO 200 

110 T•U~/I2o*AMROAI c_ 
C19 COMPUTE DISTANCE TO lNTE~SECT •ITH UU4DRAT1C SUR~ACE c 

120 S•bElA+ALPHA•T 
~•S•~ON•VXBON 
IF(ASSIFioLE•O •OOOl iGOTO 12~ 
lFIFoLT•O•OIGOTO 100 
lF(A85CF•HO~I.LEo0•00011GOTO 12S lFIFtGToHON)GOTO 100 

\25 tFI•DN)130tSOO•l~O c 
C19 ASSIGN TEMPORAR Y VALUES TO R(N ANO NQUT PER DIRECTION 0~ RAY c 

c 

130 ~l•S 
Sz•PINF 
onTo zoo 

140 5\ .. PINF 
!i2•S 
onTo zoo 

C'O RAY PARALLEL TO SIDE 
c 

c 

150 OtSC•14MBDA•AM~0A•OEN*liM 
IFIABSIDISCI•GT.O.OOOliGOTO 155 T•AMBOA/DEN 
snrn 120 

155 tFCOISCoLT•O•OI GO TO 5 00 

C1\ SOLVE FOR TWO INTERSECTS wtTH QUAORATIC SURFACE c 
i>t SC•SQRTCO(SC) 
TJ•(~MB0A•O f5CI /OEN 
T2•1A~RDA•OISCI/OEN 
Sl•BETA+A~PHA*Tl 
S2•8ETA•A~PHA*T2 
IFCWDN.GEoOoO) GOTO 160 
T•Sl 
S1•S2 
S2•T 

FIG. 94. (Contd.) 
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C_ 
C~2 OETER~lNE IF SlOE INT~RSECTIO~ ~ETWtEN PL•~ES 
c 

c 

c 

160 F•Sl*WDN•v•eo~ 
IFCFeLT•0•0)60TO 170 
IFCFoLE•~O~)GOTO }80 

170 Sl ... PINF 
180 7•S2•WoN•V~BDN 

IFifeLToOoOlGOTO 190 
lFIFoLE•HON)GOTO 200 

lC)O S2•PlNF 

200 IFIWDN) 220•~10t2JO 

C~J R4Y P.RALLfL TO PL6NES 
c 

c 

211\ St••PIIIIF' 
SO•PlNF' 
r,nTo 300 

C'4 CO~PUTE INTERSECTIONS WITH ~LANE SUHFACES 
c 

c 

c 

220 ST•RETA•ALPHA 
Sn•BET A 
Lt•2 
LOc:l 
r.orn zu 

230 St•BETA 
SO•RETA•AL.PioiA 
L 11'1 
Ll'l .. 2 

240 IFISO,LT•O•Ol GOTO 50~ 

C~5 OETERMTNE WMIC" SURF6~E lS MIT 
c 

c 

c 

JO~ TFcSI.GEaSl)I.OTO 310 
JFIABSISI~Sll.LF.oOtOOOJ)GOTO 310 
RtN•Sl 
L~H•l 
GOTO 350 

310 RJN•SI 
UU•I. I 

350 lFISO.LEoS2> GOTO 360 
IF'CABSCSO•Sz>,LEoQ•OO~lltiUTO 360 
ROUT•S2 
LRO•J 
GnTo 400 

360 Rnuraso 
LRO•LO 

400 TFIRlN,GEeROUT)GOTO 5oO 
tFIABSIRIN•ROUT>aLE•O·OOOl)GOTO SOO 
IFIROUToLEoO•O)GOTO Soo 

S•ROUT 
r•t 
GnT01420t430•4lOJtLAO 

410 S•RtN 
I•2 
GOTOC420t4l0•480JtLRI 

FIG- 94. (Cont<l. ) 
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c . 
~" t 

O£T£RMIH[ I, IHTtRS!CTION WITH 141[ ,LAM£ ~Ill WITHIN 
CROSS SECTION 0' &AS[ !LLIPSl . 

c 
420 

e 
430 

FleS•WOAeYXBDA 
'2•S•WOB•VXB0B 
,.,l.,l/(Rt•Rll•,z•,2/CA2ea2) 
I,C,,GT • l•OOOllQOTO SOO 
GOTOf4i0•48Q)tl 

I'CRl.EO.o.o.oA.A4.!0.o.otaoro 410 

~~7 O£Y£RMtH! I' fNTERSECTION WITH TO, ~Nl LIES WITHIN 
CAOS$ SECTION 0' TOP !L~IPI[ e 

c 

c. 

FlaS•woa.v•aDA.MO& 
'2•S•WOB•VX!Dil•HOg, 
;•Ft.,i1CAJ•R]l•,z•,ziCR4•A4) 
I'''•GTel•OOOliOOTO SOO 
GnTOC+l0•480l•I 

C71 AAY O~IGlNAT!S WITH lH TEC c 

c 

484 I'(RIN,GT,o.OatiJA[lUAN 
At~·.ooot 
LA lao 
A[TURN 

C?9 AAV MISSES T£C 
c 

c 
c 

500 AIN•PIN' 
ROUT-PIN' 
LAl•o 
LAO•O 
A[TURN 
!NO 

FIG . 94. (Concluded) 
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c 
c 
c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
'C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

TN 4565-3-71 Vo1 II 

SUBROUTINE A~S 

SURROUTtNE COMPUTES INTERSECTIONS OF AAY WITH AA8IT~ARY 
SUqFACE - ARS 

Ol~ENSJON Wt3)tUW(3)eVW(J),WXBCl)eWN(3 )t 
1 HlTC20),0RMALCl 9 2n),JSURFC20J 

DIMENSION MASTERClOOO~> 
COMMON ASTERC10000) 
COMM0N/PAAEMIK8())eWB<JltlR 
COMMON/GEOM/l9ASEtRIN,ROUTtLRltLRO,PtNftlERRt01Sl 
C0M~0N/UNC6E~/NRPPtNTRJPtNSCAL•NBOOYtNRMAXtLTRIP•LSCALtLREGOt 

1 L0AlAeLRtN,LROTeL10tLOC0Aell5tllOtL~00YtNASCtKLOOP 
COMMON/OAVISIIGRIO•LOOPeiNOAM 
COMMON/~~ICH~NBO 

EQUIVALF~CE tMASTF.RtASTERI 

901 Fl'lR'-'ATC1H0.\2._.ERA.DR 1111 AASel5-.4~t2.2HNVMBER OF MifS ,GT, 20l 
902 FOR~Ai(l~O•l2HERAOA 1N ARS,IS,4Xt2lHNU~8ER OF HlfS IS ODDt 

1 2Xtfi'~(NH1Ta,I'5d~l l 
903 FnRMATC\HOel2H~RROA IN A~S,IS.4At27HWRONG SEQUENCE IN ~IT TABLEt 

1 2Xt&H!NHtT=el5t}H) ) 
~10 F0RMATCS~t46HTHJS ERROQ USUA~LY MEANS THE ARS 1~ NOT CLOSED I 

1 9·t~HHlT,~XolHSURFACE I CFl2•4•ll21 l 

A~S UATA STO~.AGE IN ASTE~ A .. AAY -

NP 
N~tT 
) 

- -.JtJMiolfQ oF ,pou .. r~ 
- !IIUMBE"" •O'F .,..ITc; 

) . ) 
- ~fSE~Vf SO wORD~ fO~ ~tTS 14 ~ER HlTJ 
- 4LLOW~ FOR 10 PAI~S OF RIN/ROUT 

·~1 ) 

• 
• 

• LOC4RS • 2 L0C1'4TS 
•0 S - 0TSTANCE F~OM ST~~T POINl KB TO T~JANGLE HIT 

NX - 'l lloCECTION COStiNES Gf .-.oRMAl. TO T'AJANGU t~t!T 
NY (NX,NYoNll 

•) 'NZ 
)( - .. wORPS PE~ Pol~T (X,Y~Zl 
y 

z 
- NP l S TOTAL NU,.,.bE .. OF 'P-OI~TS 

FLaG - SET 
• LOCA~S • 

X 
y 

z 
FLAG 

z: -1 
8 ? 

TO SlGliiA'L. L.lliiE t:)R PClll~T TRllNGL'E 

LOC • LOC + 4 F O~ NEXT TRIANGLE 

OETERMTNf IF RE E~TRY 

LOCARS:~ASTF.R(LOCOA l 

L0CHTS•L0CA~S•2 
IFfLOOP.NE.~LOOP IGOTO 100 

FIG. 95. Source Listing, Subroutine ARS 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 

REENTRY 

NH}TaMASTER(LOCARS+\) 
lF CNH I T. LE .o iRETURN 
LOC•LOCHTS 

~OVE INTERSECT OA TA TO HIT ARRAY 

on 10 I•ltNHIT 
HlT CllaASTERILOCI 
LOCaLOC+~ 

10 CONT I NUE 
GOTO 600 

NOT A REENTRY - ZF.RO I NTERSECT DATA SECTION OF ASTER ARRAY 

100 NHI hO 
Na) 
tF(~ASc.Ea.-?IGOTO ~00 
Llal.OCHTS 
L2•L0Cio{TS+79 
()n 110 L•L l •L2 
ASTERCLI•O. 

110 CI'\NTINUF 

CO~PUTF FOR HtT 0~ TRIANGLE IT, STORE FLAG AT ASTE~ CLOC•~I 
-1 T~lANGLE IS A POINT OR LINE COE•GENE~ATEI 

0 ~nN-OEGEN~~ATE, COMPUTE INTERSECT DATA 

400 L0r.•L0CA~S•A2 
NTaMASTER!LOCARSI-2 
()fl 49q IT•1 oNT 
IFCASTf~ILOC • JI.LToO•"IGOT0 490 
w11 I•ASTEQCL0Cl 
wl~l•ASTERILflC•\) 

Wl1l•ASTERCL0C•?l 
Uw())•A5TE~(LOC•4l•w(ll 

lJ,.(~)•ASTER<LnC+5)-IIIC?l 

Uwc3l•ASTERIL0Ct6)•WI1l 
VwC l )•ASTER<LOC•BI-Will 
VwC2l•ASTERILOC • 9l-w(?l 
VW(3)aASTER(LOC•lol•W(3) 

C WN a (U - W) lt (V-W) 

~~~~ ())atJwlt!l•V~(~l-UWC3l*V~I2) 

'* '' t2l • uw <Jl •vw t 11 -'JW < 1 l •v• <31 
W~!31=UW(ll*V~(c)•UWI?-I*VWI1) 

C 0 • WR • WN 

c 
c 
c 

O=W~(J)•WNC1)tWR(~)*W~I21•W8(J)•~N(J) 

OfTERM1NE IF RAY PARALLEL TO PLAN~ Of TRIANGLE 

lFIABStOleLEeOoOOOl)GnTO •qo 
vJ X 8 ( \ ) :w ( 1 I -X B t 1 ) 
wX"(2):W(2l-XRC? I 
W(A()l :w t3l-~A(1) 

FIG. 95. (Contd.) 

688 



TN 4565-3-71 Vol II 

C OALPHA • CW•X8) t C liB l( CV•W) ) 
OALPHA• WXR(l)*CW8C2l*VWC3~·W8(3~*VWC21) 

1 +WXRC2l*CWAC3l*VWlll•WB(l)*VWC31) 
~ ~WX~C3)*1wR<ll*VWC2l•W8(2)fVWCl)) 

l L.PHA•OAL.PI-4A/D 
lFIALPHA*C\,-ALPHA),LT,O.O)GOTO ~90 

C 08ETA • (W•ll8) , ( IU•w) X W~ ) 

DBETA• WXRC1)*1 Uwi2)*WR(3)•UWC3)*W9121l 

c 

c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 

1 • W XB I 2 l * ( IIW ( 3 l *WA ( 1 l •U• (1) *wB ( 3) ) 
2 tWXBC3l*CUWil)*wRC21•UWC2)*W8(ll) 

BET ~aORET A/0 
IFt~ETA*(l, -BETAl,LT.o,O>GOTO 490 

GA~~A•lo•ALPHA-RETA 
lFCGA~~A*I\,-GA~MAloll,Q,QlGOTO ~90 

COMPUTE OlSTA~CE TO INTERSECT WITH TRIANGLE 

OS • I w-XR) , WN 

O~awXRCl)*WNCll•WXAI2)•wN<cl•wx~<3J*wN(3l 
S•OS/0 
CALL UNTT ( IIINI 

OtRECT NORMAL IIIITI'\ AHS FOR t.NT~H INTERSECT t OUT OF aRS FOR 

EXIT [NTERS€CT 

lFciT- ITT/ll*l,EQ,OIGOTO 410 
wt-.(l) s-\IIIN ( 1) 
Wl'll(2l• - \'INI?l 
1111\(31•-•Nill 
O:a-0 

4 \ n JSUI1F•IT 
IF I 0 eL T • 0, 0 l JSIIRF:or•JSIIRf 

CO~PARf Nf\111 TNTE~SECT OI STAhCt wyTH O(STANCES ALREADY lN 
HIT TARLf 

STOHE HlT~ «LARGEST TO SMAL~E~l) 

I~CNHIT,FQ.OIGOTO 43~ 
01"1 42(1 Jal , NHI1' 
lFIABSCS• HJTIII)oLEoO,OOOl)GOTO 470 
l F(S,GT.HlTII\)GOTO 4~0 

420 CONTINUF 

430 NHtf•NHll• 1 
I•NI"ilT 
IFI~HIToLE,20lGOTO 440 

4)5 ~~JT[(~,Q01\NRO 
WR t TE I fl • 91 0 l I H TT I t I , I <; IJRF ( l ) 't•1 t NHl Tl 
IIIHIT•O 
GOTO 701' 

FIG. 95. (Contd.) 
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c 
C lF NEW INTERSECT• STORE HIT 
c 

U..O l'llT(J)aS 

n'ili4ALI1•tlwWN(ll 
~Rii4ALI2tll•~NI2l 
~RMA~(3tll•WN(3l 
I'SURF!Il~JSURF 
6Ql0 491) 

c 
C AnD A Hl~ TO TABLE w"EN S.GTeMtTll) c 

c 

c 
c 
c 
c 
c 

c 

.. sn .J•NtoitT 
NH'l T•NHI T •1 
lF ~NHit.GT,2~lGOTn ~35 

~60 lFI.JoLTol)R~Tn 440 
+Hi' IJ+l') ~H'IT I J) 
'O.OoiMAL I 1 •J•l ).a:ORMAL ( 1 •JJ 
0QMALI?tJ+ll•ORMALI2tJI 
nlliMAL ( J • .;.1 l =ORMAL I 3 • ,It 
I£WAFI.J•llcTS~AF IJ l 
J2.;J-l 
Gn-rn 460 

~wO ~~ THIES InENT1CAL ~~eN~ •£~. HITill 
IF ~OTH RTN 0~ BOTH HOUT IGNORE 
IF ONE A RIN ~NO OTHER A ~OUT DELETE ENTHy IN TABLE 

C DELETE FNTRV 
c 

c 

NH JT•NH fT- 1 
480 lF(l,GT . NHTTlGOTO 4QO 

HIT!Jl•H1Tct•ll 
O~MALil•I>~oqMALil•I•ll 
ORMAL!?o1)~0RMALI2tl+ll 
0HMALI3t[)a0RMALIJ•l•ll 
lSURF(TlaiSUAf!I•l l 
I• t •1 
GOTO 4A O 

C IN(REMF.NT TO TfST NEXT POSSIBLE TRIANGLE 
c 

c 
c 
c 
c 

490 L"C;:LOC•'+ 
499 C<'NTlNUE 

ALL POSSIBLE TRIA NGLES EXAMlNlO 
CHEC~ FOR AN FVEN NUMijEH OF HITS 

IF!i\IHIT.EcJ,nlGOTO 700 

IF!NHIT - INH[T/2l*?.•EO.OlGOTO 500 

FIG . 95 . (Contd.) 
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c 
c 
c 

EA~R - INCORRECT SEQUENCE Of HlTS 

wR·t TE. I6 t90.2 I NHOtNHI T 
-~ fTE ( ~ • q•t IH ( Hl T C () t lSURF < T I t t • h~H 1 T I 
NI'IIT•n 
Gnro T.tm 

TN 4565-3-71 Vol II 

c 
c 
c 

C~ECK FOR CORRECT SEQUENCE OF EXJTSt•l ANU ENTR•Nt£$(•) 

SnO 00 S20 1•2eNHIT 
IFCIS'IJRFCI - U*lS'tl~(ll,GT,oH30TO SZS 

520 CONTINUE 
GOTO 530 

c 
C ERROR - INCORRECT SEQUENCE OF Hl' TS 
c 

,25 WRTTE<6•Q03)N~OtNHlT 
w ~ T T E C It , q 1 0 I I H IT C I I t f ~I)~ F I J > tl •1 • Nl-11 T ) 
NMtT•o 
GOT() 700 

c 
C LOCATE ~fi(T ROUT l lt~TANCE .. ti.ATlVE TO CUiolRENT POSITION OF XP 

c 
531\ lf'Cr11TINI'IIT-ll ,GT,O,OlGOTO 540 

NHtT•NHIT-? 
lF(NHlT.LE,OIGOTO 700 
r:;nro 53n 

c 
C CHECK OIRECTt"N OF NORMAL FUR LARbEST UISTANtE IN HJT TA8Lf 
C IJ[QJf'Y TH,lT NORMAl IS Alll EXIT f'OR THE ~oUT 1NTERS£.CT 
c 

c 

540 IFtNASC.E0.-21GOTn bOn 
IF I I SURF I 11 oLTon I GOTO 560 
DO 550 l=loNHlT 
OHMAL ( 1 ttl :•I")RMAL( 1 • I l 
ORMALI?eti:-0HMAL12oil 
0~MALI~tli:•ORMALI3tll 
I SURF < t l a- I Sli~F I 1 1 

'550 Cn111TINUf 

C STORE 1-4lT TA8t.E J,\j A51FR AR~AI' 
C UNLESS COMPUTING : ~O~IoiAL DISlANCE. 
c 

'i&O LOC=LI1CHTS 
on 57o l•l.~1-41T 
ASTERCLOCI•HlTII > 
ASTERILOC•l):()R~ALil•TI 

ASTER(LOC•?l20R~ALI2tll 
ASTERILOC•,)•OR~ALI3tfl 

!.nc•LOC•4 
s1n cnNTtNUf 

FIG. 95. (Contd.) 
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r 
( 
( 

(. 

c 

C~OOSE CORRECT RIN ANO ROUT SET FOR CuRRENT POSlTIO~ OF XP 
T~t~ SECTION IS ALSO USED BY AEENTRV ROUTINE 

600 IF!NHIT.EQ.OJGOTO 700 
~IN•"11TINMlTJ 
~OUT•HT T (NMIT•l I 
L..At•l 
LRO•l 
~H T Ta~ ... TT -2 
IFIA~S!~IST•ROUT).Lf,O,OOOllGOTO bOO 
lFlblST.GE.ROUTlGOTO 600 
IF(ARSIRJN·R~UTloLE.O.OOOlJGOTO 600 
IF !RJI'~.GT,0.00011GOTO 800 
AJN•-PTNF" 
L..AT•O 
GOT() ROI' 

r RAY ~ISSES ARS FRO~ CURRENT LOCATION 

71'10 RlNcP(NF' 
ROuT=•PlNF 
1..R r . ,, 
1,.Rn=n 
lFf~.EQ.n)NMTT:n 

8 00 lfi~ASC.NE .·~)~ASTER<LOCARS• ll•NMIT 
R( Tt lRN 

f.,.,D 

FIG . 95. (Concluded) 
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SUBROUTINE TOR 
OIMENStON COErt4)eRT14)tXNCJ)eXHCC)l 
OfMENSION ~ASTERI!QOO~I 
COMMON ~STERilOOOO) 
C0NNON/PAR[N/~9(])JW8(]1•1A -
COM~ON/GEOM/LBASt,RINeROUTeLAitLRO,~IN'ti!RAtOIST 
C0MNON/UNCG!MINRPPtNTAIPtNSCALtN800Yt~A.ICti.TRIPtLICALr&.A[80t 

1 LDATAtLAINtLAOT,LIDti,.0COAtiL5ti30'L800YtN.\SeeKLOOP . 
tOMMON/DAVIS/IGRIOtLOOfltlNOAM . . 
!OUJVALENC£(AST[AtMA5T!AI 

CHECK ;oR PREVIOUS !NTAV 

l'CLOOP,NE.KLOOP)GOTO 10 

THIS IS A REENTRY 

NA•~ASTEACLOCOA•ll 
I~CNAoi.E•ZIRETUAN 
AIN•ASTERCLOCDA•3) 
R~UT•AST[R(LOCOA•41 
NA•o 
tiOTO 400 

~j A!TAIEVE LOCATIONS 0' TORUS DATA 
t 

c 
c. 
r. 
c 

c 
c" c 

10 CALL UN2CLOCOA 1 1V,INI 
LOC•LOCDA•l 
CALL UN2CL0CtiRl•IR2) 

rn~PUTE INTE~MEOI~TE VAW[ABLES NElD~OD TO 
it~n COEFflCltNfS OF ~UA~TIC EQU~Tl N 

X~Ctlla~~(li-ASTE~tlV) 
XRCI21•XBizl•ASTEQI(V•ll 
X~CI]I•XSC 3 1•4STER11V•zl 
llll(li•ASTEq(IN) 
lNI21:ASTER11N•\I 
XNI3l•ASTER(IN•}I 
~}I•ASTE~(IR}I 
~~•ASTERCIRl) 
TFI~ASCoNEo -liGOTO 2C 
q~AVE•n• 
r,flTI') 30 

~n R~AVE•A8SCOOTI~ijCt~8)1·~l·Rz•Rz 
XaCCt)••st<ll•RSAVE•W~(tl 
~ijC(2)•X8CC2l•RSAVE*WR(cl 
XBCI3)•X8CC]l•RS~VE•WRIJl 

10 ~oN•oor<wa.xN l 
X8COW•nOTCX8C•WRl 
xacoN•oorc•8c•x~J 
XRCX8C•OOTCX8C•~qcl 
iHSQ•Rt•Rt 
R2SQ•R2•R2 
TER~•XeCX8C-qiSQ-RzSO 

cn~PUTE COifFICl&NTS 

cnEFcl)••••xacow 
cnEFC~l••·•RtSQ••oN••oN••·•xscow•xecow•z·•TEMN 

FIG. 96. Source Listing, Subroutine TOR 
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e 
C6 
c 
c_ 
C? c 

t0E,(3J•I••RtSO•wDN•l,CDN••••XaCOW•T[RN 
C0EFI+l•t•itA15Qit.KaCON•XBCDN•TERMtT£~N••••Al'QeRa'o 
CALL QAT CICO!F•ATtNA) 

DETERMINE I' Ot z, OA • AOOTI 

I'CNA•Z)!OOtlOOtZOO 

TIIO AOOTS 

100 !'CA85CATC1J•RTC2)),GT,0.000l)G0TO 
NA•O . 
OOTO !500 
ATClJ•ATil)•ASAVE 
RTCzJ•ATCzt+ASaV! 
I'CATCjJ,LT,ATCZ))GOTO lOO 
hfitTll, 
RTC 1 J•ATC2l 
ATCZJ•T 
onTo Joo 

c 
C8 
c 

ZOO DO 210 lel,4 
ATClJ•ATCJ)•ASAVE 

. 210 cnNTINU[ 
c 
C9 SORT ROOTS IN ASCENDING ORDER 
c 
zz~ r'cATclJ•l[.AlfZIJGOTD 2lO 

T•AT C 1) 
RTC 1 J •RT Czl 
RTCzt•T 

230 I,CATCz l •LEeATCJ))QOTO 240 
T•ATIZ) 
RTCZ)•AT(J) 
RT(]J•T 
GOTO 220 

240 t'CRTC3l•L!eATf4)100TO Z50 
T•RTCJ) 

e_ 
~10 
e no 

280 

ATI]J•ATC41 
RTC4J•T 
onTo 230 

I' RAY TANO!NT TO SUA,ACE ELININA!! INT!AS£CTS 

I'CABScRTCZ)•AT Cll)eOT,o,ooOlJGOTO ~60 
NR•NA•z . 
ATC2)•ATC•I 
OOTO 270 
I'CA8SCRTCl)•ATC41),0T,o,ooolJOO!O ~10 
NA•NA•z 
I'IAISCRTil)•ATI211,GT,oaoOOl)GOTO ZIO 
NR•NA•i -
AT I 1 J•ATIJ) 
RT ( 2) •All4) 
I'INA,Lf•OJGDTO sgo 
I'IRTCzJ,GTtO•O)O TO JOO 
NR•NA•z 

FIG. 96. (Cont d . ) 
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c 

ATCt)•ATCll 
RTCzJ•ATC4l 
GOTO 280 

TN 4565- 3-71 Vol I I 

. lOO I'CHR•2l500tl!Otll0 
c_ 
~tl 'OUR tNT!RSECTS, O[T[AMlNt WHICH AJH/ROUT I~T AlQuJRlO 
c 

llO 

320 

~C12 
c 

c 
c 

5oo 

600 

I'CABScDIST•ATCZlltL!.OtOOOl»GOTD l~O 
I'C0lST.LT,ATC2llGOT0 330 
AtN•IU (]) 
AOUT•ATC4) 
NR•o 
OOTO 400 
AST!RCLOCDA+li•AT Cl) 
ASTEACL0CDA•4l•ATC4) 
AtN•ATCl) 
A"UT•ATC2) 
l.AI•l 
L.AOat 
I'CRIN,G[,AOUTJOOTO 500 
t'CABSIAIN•ROUTJ,L£e0tOOOl)GOTO 500 
t'CAOUTeL[•O•OlGOTO 500 
I'CAIN,GTeOt0001 l 60TO 600 
AtN•• • OOOl 
LAI•O 
GOTO 600 

RAY MISSES ,ROM PA[S[~T ORIGIN 

AtN•PlN, 
AOUT••PIN' 
LRI•o 
LAO•o 
MaST!ACL0COA•21•NR 
R[TUAN 
!NO 

FIG. 96. (Concluded) 
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!UBAOUTINE QRTlCCCtAtN) 
Ol~fNSION CC4JrAt4JeCCC3JtAA (3) c_ 

Ct SllLVES A POI,.YNOMUI.. EQUATION 0, THE TVPI x••• • CH)•X .. l C • ccz>*x••z • CClt•• • CC4) • 0 USING TM! f£AAAA1 SOLU1lON 0' C TM[ QUaRTIC [QU&TIONe THE COEffiCIENT 0, xil4 15 ai~M(D TO 8! 1• C AC4) CONTAINS TH[ ROOTS, N CONTAINS TW[ NUMI[A Of RIAL AOOTS e ~ l, THEA! AR! 2 R[AL ROOTS THEY ~ILL If IN RCll aHo ACzt• WITH THE C CO~PLEX ROOTS IN AIJ1•• AC4J•t, I' !H!~! &A~ NO A!AL ROOTS THE C COMPLEX ROOTS &AE IN AClt••Alzt•l AND ACJl••A(4t•t• c 
C cnMPUTE RESOLVENT CUBIC c 

ClSQ•CClJ~C(l ) 
cc<lh•.s•ccz> 
eccz>•,zs•cclt•ccJl•CC4J 
CC(J)•,lZ!•t C14J•C4o•CCZl•C1SQJ•CCJt•CCJI CALL CU8lCCCCtAA,NN) 

g~ O[T[AMINE If POSSIBLE SOLUTION 
c 

c 
C6 
c 

c 
c~ e 

c 
~6 
c 

he25•C1SQ•CC2) 
00 10 t•ltNN 
AOOT•AAClt 
aSQ•T•ROOT•AOOT 
l'CABSCASQJ,Lfe&tOOOOOl)ASQ•O• I'CaSO,LT•o•otO 0 10 
ASQ•AooT•AoOT~CI4) 
I'IABSIBSQJ,LEe0o000001)8SQ•O• 
l'CBSO,GE•o•oJGOTO ao 

10 CONTINUE 
N•o 
A!TUAN 

COMPUTE 'IRST TWO ROOTS 0' QUARTIC ~QUATION 
lO TWOAB•Cill•ROOT•CC3l 

a.SQRTC&SQJ 
R•StGNCSQATCBSOltTWOAB) 
N•O 
A'AL••2!•!&•A•Cil)l 
OISC•RE&L•A[AL•ROOT•B 
SQAOOT•SORTCA85COt5Cll 
IF(&BSCOlSCJeL[•OoOOOOOl)OJSC•O• 
I'COISCeLT.oeO)GOTO lo 

DISCAIMJNAT[ ,G[, 0 COMPUT£ l AfAL ROOTS 

N•2 
RClJ•RUL•SOAOOT 
ACtJ•AUL•SQROOT 
OOTO ~0 

OJSCAIMINAT! oLTe 0 COMPUT£ 2 JMAGINAAV ROOTS 
30 RC3)•AEAL 

AC4)•5QAOOT 

COMPUT[ LAST TWO ROOTS 0' QUARTIC [~UATION 

FIG. 97. Source Listing, Subroutine QRTIC 
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~0 REAL•AEAL•A 
DISC•AEAL•~EAL•ROOT•8 
SQROOT•SQRTCaRSIOIScJ) 
tFCABSCOISCJoLE.O.OOOOOliOISC•O• 
tFIOISc.LT.o.o>GOTO SO 

c 
CT OlSCRINlNATE ,GE. 0 C()j!IPUTE 2 RUL ROOT$ c 

N•N+2 
R(~t•R£AL•SQROOT 
RIN•}J•REAL•SQAOOT 
RETURN 

c 
Clll OISCRIMJNATE aLT. 0 CO~PuTE 1 ~~~GINAAY ROOTS c 

50 R(N+ li•REAL 
~IN•ZiaSQAOOT 
QETURN 
END 

c 
c 

FIG. 97. (Concluded) 
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SUBROUTINE CUBlCCC•R•N) 
OJM[NSJON C(J)tRC3) 

~; COMPUTE ROOTS OF CUSIC £0UATlOH 

C\SQ•C Cl) •C C1 1 
P•C 12) •(lSQIJ, 
a•CCll•CCl)•tz,•CliQIZ?••CCZ)/J,) 
OlSC••••P•P•P•zT••O•O 
CJ•CCl)IJ• 
J'C&BSCOISCl•LE•l•Of•elOISc•o• 
I'CDISCo~[,OoOlOOTO l~ c_ 

~1 CO~DlTJON ,OR l A[AL AND Z COMPLJX ROOTS 
c 

e 

N•l 
SQAOOT•SOATCDISCilOie) 
WAL,Q•,!•Q 
ACU•·~AL'Q•SQROOT 
BCU••HAL,Q•SQROOT 
aeSIONCABSCACUJ••,Jll33l333llJ3lltACUI 
A•SIO~CABSCBCUl•••lll333llJJ33Jl3 t i~Ul 
AB•A•B 
R C 1t •A8•C3 
ACZl••,s•&e•CJ 
RCJl•ei660Z!40••CA•Il 
q[TURN 

~l CONDITION FOR l REAL ROOTS 
c 

e 

10 N•l 
T•SOR T< A8SI P)I) .I 
TT•TH 
I'IOJSC,[O,OoOIGOTD Zo 
PHIJ•ATANZCSQATI•DlSCIZT•I••Q)/Jo 
q(tJ•TT•COSIPHIJl•Cl 
qczl•TT•COSCPHlJ•Ze094J95lOlJ•Cl 
AIJl•TT•COSCPHIJ•Z•094J9510l)•Cl 
q[TURN 

C4 CONDITION 'OR 2 OR 3 [QUAL ROOTS 
c 

20 Rcli•SJON(TTt•OJ•Cl 
R(Zl•SlONCTeQI•Cl 
AIJI•ACzl 
A !TURN 
[NO 

FIG. 98. Source Listing , Subroutine CUBIC 
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SUBROUTINE UNZCL•Jl•JZ) 

~1 UNPlC~ 2 15•8JT INT!IEA DATA JT!MI fROM ~ •OAD IN MAITJH AAAAY 
c 

c 
e 

COMMON MASTERilOnoOI 
tl•MASTEA (L) 
Jt•J:JilZ161 
Jz•I3•Jl•:Jz768 
A!TURN 
[NO 

FIG. 99 . Source Listing, Subroutine UN2 
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SUBROUTINE UNJCLtJltJZeJJt 

~i UNPACK 2 6•BlT AND 1 l!•llT IHT[iER o•TA ITEMS 'ROM Gl •ORKINO 
t STORAGf AT THE L ~ORO IN THE MAlTER AAAAY 
t 

c 
c 

COMMON MASTER<lOO OO) 
I3•"4ASTERCLt 
I z•l JIUl'68 
Jl•I2164 -
J2•tz•,J1•64 
Jl•Il•U•l2168 
A! TURN 
!NO 

FIG . 100. Source Listing, Subroutine UN3 
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c 
Ci 
c 
~ 
c 

e 
c 

TN 4565-3-71 Vol II 

SUBAOUTJ"f OP[NkCLtJltJ,tJ3) 
cnNNONIGTAacKIDt•OZ•KHl tLMAXtTACzoO)tlaSCJ)tJAI!RTtl!NCt 

i rTfHioorteAICtiSltl! 

UNPACK 3 12•81T INTEGER DATA JT!NS 'ROM COMPONENT ~INI•O'•SIGHT 
STOAAG! ARRAY ITR, T~E THA[[ ITEMS ARt 

I !UA,AC! NUN&!A I 800Y NUMB[A I NE~T REGION I 

JJ•ITA CL) 
12•131~096 
Jl•IZ/4096 
Jz•lz•Jl••ot6 
J:J• 13•12•4096 
A!TURN 
!NO 

FIG. 101. Source Listing, Subroutine OPENK 
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~; 
c 

~ 
c 

'UNCTION RAN (MJ 
COMMON/ A ANON/IAN 

GIVEN A HUMB[A lANe e!N!RATE l RANDOM NUMIIR IITWEEN 0 AND 1 

AlN•UA&NllCIRN) 
A(TUAN 
!NO 

FIG . 102. Source Listing, Subroutine RAN 
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c; 
e 

'UNCTJO~ URANllCJ) 
- · f'CI)ZO•lO•ZO 
10 I•Jlllllll 
10 J• . 

JlfJ•zs 
J•J•IJ/61101164)•61101164 
J•J•zs . 
J•J~(J/67101164)•&7101164 
J•J•s 
JlfJ•(J/t710II641•67lOII64 
u•J 
J•J 
UAANll•Ali6?10I164• 
A!TUAN 
!NO 

TN 4565-3-71 Vol II 

FIG. 103. Source Listing, Subroutine URAN31 
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c_ 
Ct 
c 

SUIROUTIN! (ROSSC&NSW[~tflRSTtSlCONU) 
OIN!NSiON aNSW!AC]Jt,tASTC)JtiECONDl)J 

eOMPUT[ CAOS$ PRODUCT ANIW[A ·• 'lAST K S£CON0 

ANSWEACl) • 'IRSTCZt•S!CONOCll • ,I~STCJt•SECONOCZJ 
ANSW[R(2) • ,IASTC3J~S[CON0Ctl • 'I~STC1)•1£CON0(JJ 
aNS.[ACl) • ,tASTilJ•I!CONDCJJ • 'I~STI!l•IECONDCl) 
A[TUAN 
[NO 

FIG. 104. Source Listing, Subroutine CROSS 
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c_ 
~ 1 
c 

e 
c 

,UNCTION DOTC,IRSTtS!CONOI 
DIM[NSION 'IRSTCJI•SECONDIJI 

COMPUTE DOT PRODUCT DOT • (lAST ! SECOND 

TN 4565-3-71 Vol II 

DOT • ,lAST C li•SECOND11 ) •FlASTCZ I •S~CONOCi)•FIA,Tcl)•SECONOC3 ) 
R!TUAN 
t NO 

FIG. 105 . Source Listing, Subroutine DOT 
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c 
Ci c 

(: 
e 

5U9AOUTIN[ UNITCYt 
DI MENSION YClt 

COMPUT! UNIT VECTOR tDIRlCTION CO~INIS 0' VECTOR) 

T!MP • SQRTtOOTCYtY)t 
VCtt•VClliTEMP 
VCZl•VCZ)IT[MP 
YCll•VC:JliTEMP 
A!TURN 
!ND 

FIG. 106 . Source Lis t ing, Subroutine UNIT 
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c 
Cl 
c 

c e 

TN 4565-3-71 Vol II 

'U~TION lD!STCXA.XBJ 

COMPUTE THE DISTANCE I!TW!!N TWO liVEN POINTS XA ANO XB 

DIMENSION XAClJ,XBClJ 
lC!UM•Ot 
DO 10 1•1•3 
XSUM•ltUM•ClACit•XICIJJ••z 

10 CONTINUE 
XDIST•SOATCXSUMJ 
A!TUAN 
!NO 

FIG. 107. Source Listing, Subroutine XDIST 
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e e 

tUI-OUTIHE DCO~ClAtllt~AJ 

e~T! THI DIRECTION COSINES ,ROM ~OINT X& TO POINT XI 
AND STORE DIRECTION COSINES IN •A 

DIM!NSJON XAClJeXICltt•Afl) 
Dtl•lDtSTCXAtlBJ 
oo 10 l•t 'l 
WACIJ•fXBCt t •X&CIJ)/011 

io CONTINUE 
A!TUAN 
!NO 

FIG. 108. Source Listing, Subroutine DCOSP 
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SUBROUTINE TROPICCWPJ 

~t GENERATE RANDOM DIRECTION COIINIS '~ON AN ISOTROPIC DISTAJBUTtON 

c_ 
c~ 

C: 

~. 
c: 

DIMENSION WP ClJ 
10 lCt•RAN C·•1) 

Xz•RAN . ••ll 
•1s.x1~•z 
•zs.•z••z 
T.XlS•xzs 
t~cr.er.,.teoto to 

CONPUT! TH! SIN! AND COSlNl 0' A MANOOM ANi~[ ,HJ 

CSPHI•CXlS•XZSt/T 
SNPHI•cz,•xl•lCZt/T 
lCt•AAN f•lJ 
I'CXteLEee!)SNPHI••SN~HI 

CONPUT! TH! SIN! AND COSJNI 0' A MA~OM ANG~E THETA 

CSTHT•z,•RAN c•l)•lt 
SNTHT•SOATCle•CSTHT••zt 

CONPUT! RANDOH DIRECTION COIINIS 

WPCl)•SNTHTeSNPHI 
w•«zJ•tNT~T•CS,HI 
w .. Clt•CSTHT 
A!TUAN 
!NO 

FIG . 109. Source Listing, Subroutine TROPIC 
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,UNCTION S rt eN) 
OtMENST ON M~STER i tOOOOI 
COMMON ASTERilOOQQ) 
COMMON/GEOM/l8AS£,AlN•AOUTtLAttLAOtPlN,,IEARtOlST 
[QUtVALENC[CMASTEAtAST!Rt . -

c~ 
C1 S RETRIEVES COORDINATE 0, ANY ON£ O' THE 6 SloES 0, AN APP 
~ 1 JS THE APP NUMBER N IS TH£ SUA,AC~ NUMB[A 
c 

t 
c 

L•LBASE•l2•Cl•lt•2•CN•l) 
LL•IIIIUTERCL•ll 
S•ASTERILL) 
ArTUAN 
[NO 

FIG. 110. Source Listing, Subroutine S 
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SUBROUTINE APPZ(LSUA,tXPtlAPt 

S; nNo NUM&£A o, ABUTTING APP To IN!Et:tncno S'}A'l~E 
e 

c 

Dt14!NSION XPC3) 
COMMON ASTER!\00001 
CONMONIPAAEMIXBll)tWillttlA 
COMMONIG[OMILBAS[tA!NtAOUTtLAitL~Ot~IN,tl!R~tOJS! 
COMMON/UNCG!NINAPPtNTAIPtNICALtNIOOYeNANAltLfAJPtLSCALtLAEIOt 

1 LOATAtLAJNtLAOTtLI0tL0COA•lli•IJO•LBDOYtNAictK~OOP . 

LOC•l8AI£•12•CNASC•1t•Z*ILSUA,•I) 
CALL UNZ(LOCtLDCATtNC) 
I'INC•itlOt20•30 

10 tAP•O 
AETUAN 

lO CALL UN2lLOCATtiAPtDUM) 
AETUAIII 

30 M•l 

DO 90 I•ltNC 
lloi••M 
I~(MeGTtOlGOTO !O 
CALL UNZCLOCATtll•l2) 
LOCAhLOCAT•l 
tAP•Il 
GOTO 10 

50 IAP•12 
10 L!•Cl•LSUA,)IZ 

oo eo J•l•l 
I'CJeEOeLStGOTO 80 
l'CCSCIAPtz•J•l)•XPCJtt•CXPCJt•lllAP,z•Jtt.LTaOetGOTO 90 

80 CONTINUE 
R[TUAN 

90 CONTtNU[ 
tAP•O 
AU URN 
!NO 

FIG. 111. Source Listing, Subroutine RPP2 
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c 

c 

SUBROUTINE VOLUH 

COMPUTE VOLUMES BY A£810N IN VOL~H! D!,tN!D BY BOl 

DIMENSiON VASTlACiOOOJ,WA8C3),WT8tJ)1W08CJ),Ot'CJ), 
1 XV(J)tXTC]ltXAC~ltXOlJ)tXP(J)tlT£M~IJ) 

COMMON ASTER(lOOOO) 
COMMON/PAREH/XICl)tWICJJtlA 
COMMON/OEOM/LBAIEtAIN•~OUTtLAitL~Ot~IN'•I[AAtOll! 
COMMON/UNC8[M/NAPPtNTAIPeNICALt~OOYtNAHAltLTAIPtLICALtLAEGDt 

1 LDATa•LAINtLAOTtLIOtLDCOA•IlS•lJOtLBOOYtHA~CtKLOO~ 
COMHON/WALTILJA,OtNGl[AA 

90l ,OAMATCl£20e8) 
9oi ~ORMATC2E20e8) 
9o~ ,ORMATilHO•tOXt6HVEATEl•!4Xt6HTOP,P!tt4lt6HB0TePTtl4Xt7HSIDE•PT ) 
904 ,. ~MATC4E20e8l 
9oS FO~HATClHOt 8Xtl2HD£LTA ON TOPtl20eltlOltlOHSJD[ DELTAt£Zo•IJ 
906 'OAMATC21lOl . -
901 FORHATClHOt ZXt18HITARTING REGION l~tlSJ 
909 'OAMATCtHOtl6HVASTEA OVlRWAITEtSit6HNAMAXetlSJ 
910 ;nRHATlllOtE20e8) . 
911 ~OAHATClHOt&HBAD CARO/Il0tl20•1•l4H NOT ,ROc,SSIDJ 
912 roAMATCilOt!20e8t!XtEZO•It5lt[9e2J 
913 'ORHATClHOt5HSUHV•t!lt!ZOeiJ 

READ CSt906)1RtNGtiAA 
l'CNGt[AAeL!eOJNGi!AA•z! 

ENTER C00AOlNAT£S OF BOX 

AUD 15e901) lXV I I) tl•ltll 
A!AO l5•9otl CXTIIJ•J•t•3J 
A!AO l5t901)CXOilJ•I•l•lJ 
R!AO C!t901liXACIJtl•1•3l 

!NT£ A CELL S I U 

READ CS,90Z)DOD,DT 
WRITE C6t90]) 
WRIT! C6•9G4)CXVCJ)tXTCJ)tXO(J)tXA(~)tJ•l•J) 
WRIT! 16•905)D0DtDT 
WRITE C6t908) lA 
I'CNAMaXeGTe2000lWR!TE C6 •909)~R~AX 
CALL ocOSPCXVtXTtWT&) 
CAL~ DC05PCXVtXOtW08) 
CALL ocOSPCXVeXAtWaBl 
XVOIS•XOJST(XVtXA) 
T!STON•O• 
Ttstov•o· 
XT!MPCil•O• 
no 10 J•l•NRMAil 
VlST!A(I)•O• 

10 CONTINUE 
JIA~tA 
JAJ•IR e 

C• COMPUTE NU~B[R 01 HORIZONTAL AND V[~TlCAL C[LLI 
e 

FIG . 112. Source Listing, Subroutine VOLUM 
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Nl•lDlSTCXVtXOJ/000•1• 
Nt•IOISTCIVtXTJIDT•l• 

TRACE U YS 'ROM LOWIA AIIHT C~ o,. ~eM ~L 

OCJt 300 J•l ,NZ 
oo 100 1•1•3 . 
DSPCt~•WTeCt)•OT 
XICU•XV C U 
-.e C l)..WAI (l) 

100 CONTINUE 
Sl.-0• 
i A•JIA 

TRACE: ALL RAYS 'ROM coa.u• 01 c:IIJ.S 

DO 700 1•1 ,N1 
NI~C••i 

c. 
C7 TRACE RAY THROUGH lOX VIA tuaROU!I~ G& e 

e 
C8 c 

110 CALL GiCSt,lRPAlM,XP) 
l'Cl!RA,I(,Net[AR)GOTO 400 
VaST~A,IAJ•VAIT[AClRJ•St 
I'COISTei!,XVDISJ$0TO 11! 
I'CIAPRIMeL!•O)GOTD 120 
IR•U:IItRIM 
GOTO llO 

11! VAST!AliAJ•VAST£RIIRJ•CDIST•lVOJIJ 
llO XT[MPitJ•WBCl ) 

XT[MPCzJ•WI (2 ) 
JCT[MPC 1 t •we c 1 t 
tA•J!R 
T!STDN•T[STON•OT 
I'CT!STON.GTenetiOTD 110 
wac tJ•wTa c 1 J 
WBC2J•wTIC2J 
WI(JJ•WTIC]t 
NASC••t 

DIT!AMJN[ A!IION D' NEXT OAJIIN 0, RaY IN COLUMN 

CALL liCSt,IRPAIM,XPJ 
I'Ct!AAei[,NI1fAAtGOTO 
1'CSt•DTJtJ0•160• i 10 

lJO tA•tAPRIM 
JIA•IA 
CALL 8tCSttiAPAIMeXPJ 
l'CJ!A8e8[,NGt£AAtGOTO 
t 'CDIST•DTJt40•160•110 

140 J'CIAPAJMJtSO•IlOtllO 
lSO STOP 
UO tA•IAPRIM 

JIAeJA 

400 

400 

110 T!STON.St c_ 
C10 c 

I .. I'T OAittN 0' A&Y TO NUT CIL&.· IN COLUMN 

110 DO 190 •Jl•ltl 
W&CJit•XT!MPCJIJ 

FIG. 112. (Contd.) 
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220 

c_ 
~12 
e 

240 

250 
255 
Z60 

- Z10 

~il 
e 

210 

c 

XBCJt)•XB(Jl)•DSPCJlt 
~ONTIN\JE 
CONTINU[ 

ONE COLUMN O' CELLS COMPLETE • SHI'! TO NEAT COLUMN 

NUC••i 
DO 220 l•ltl 
we c u •woa u, 
XQ(I)eXVCU 
CONTINUE 
JlA•tAJ 
tA•JlA 
T!STDN•O. 
T!STOV•T!STOV•OOO 
l'CT£5TOV . 230t2lOt280 

D~ f[RNINE REGION 0' 'lAST OAI~IN 0' NE•T COLU"N 

CALL GliSltlAPRIMtlP) 
l'CtEAR.G!eNGlEAA)GOTO 400 
l'CS}•000)z40•260t2TO 
tA•tRPAlM 
JAJ•IR 
C&LL G}CSltiRPRlMtXPJ 
t'CIERReGE.NilERA)GOTO 400 
l'lDIST•DOOJ2S0•260t21o 
IF ClRPAIMl 255•400•230 
SToP 
TR•tAPRIM 
IRJ•IA 
TUTOY.Sl 

SHI'T ORIGIN 0' NEXT RAY TO 'IAST ORIGIN or NEll COLUMN 0, CELLS 

DO 290 I•ltl 
XAll)•XA(I)•WOBltJ•OOO 
XVCJ)•XVCl)•WOBlt);OOO 
Xl(J)•XT\l)•WO&Ct)•ODO 
CONTINUE 
JtA•tA 
CONTINUE 

ALL RAY DISTANCES THROUGH EACH R~GION IN 80X ACCUMULAT~D 

400 READ 1!,9lO)IRl.VA 
I'IIERA eG[,NG}ERR)GOTO 500 
l'llRt.L!eOJIRl•NRMAl•i 
SUNY•O• 

410 

420 

COMPUTE VOLUME 0' EACH REGION IN ao• 

00 450 t•l.NRMAX 
VaST!Rli)•VaSTERCtJ•ooo•oT 
l'Cl•IA1)410•4J0•420 
WAlT! C6t9lO)JeVaST[ACI) 
Gt'ITO 4t0 
WAITE C6t911)1AltVA 
READ C't910)IAltVA 
GOTO ·UO 

FIG. 112. (Contd.) 
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c;_ 
~t6 
e 

COMPUTE P!RC!NT ERROR 'OR PA£•COM~U!!O VOLUME 0' GlV!N M!GlON 

c 
c 

4iG X'ERC•lOO.•CVASTE~liJ/9R•leJ 
WRITE C6t91ZJitVA5T!ACIJeVRtXP!AC 
V&ST!R C l J •VA 
A!AO C!t9lOllRleVR 

SUMV•SUMV•VAST!AC!l 
eONTINUE 
iAIT! C6t9t3lSUMV 
l!AR•o 
A~ TURN 
!NO 

F1G. 112. (Concluded) 
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SUIROUTJ N£ AREA 
OIM[NStON XPlJJtWP(~)tXBS~J)tCONVAT<•••)eTYP~UNl4J 
CnM~N ASTERflOOOO) 
C0MMON/PAR!MFXBf)JtW8(J)tlR 

CO .. ON/G!OM/LBlS[eRI.NtAOUT tLRl t&..AO•PINP'"t IPAtDUT 
coMMDNJUNcBEMINAPP•NTRlP•NSCAL•NBOoY,~MAX•LTAlPrLICAL•~Atao. 

1 LOATAtLAINtLAOTtLlDtLOCDI•ll&•lJOJ~aOOYt~AICtKLOO~ . 
COMMON/CAL/NIAt!LOitANGLttNTY'I•ISPACEtLtlll))t.SCJlt 

1 fRAV£LtSNtVtHtiVIM 
C0MMON/WALTILtA,O,N.1lAA 
C0MMON/C£LLIC!LSIZ 
C0MMO~IEN8£0M/~£G!OM 

c -901 ,OAMATC7110•6••ZAZ) 

e 

c_ 
~, 

~ 
c 

902 FOR~AT!6El?..5> 
90A ,ORMATtlH0•22HMEMORY OVERLAP IN AA[~,~~t1~£•fOM••l6t 

1 JXt6HLAA£A•tl6•~l•6HL(RP'"O•tl6) 
9Q9 '''AMAT Hlo4ChUHlAAOA IN AAUt$lt9MICDOE • OJ 
910 ;c-.AMAT C 1 HOt eHaltMUTH••'l O·•JtSX •10Ht'-£YA TIOtlf•t'l I>~JJ 
9\l ;nAM.T(llo40tlZHCELL Sll£ l5t,4altlltiHit,4~ltlltAZt1MetlOlt 

1 l2HAR[AS IN SOetlltAZtl~•) 
91i 'OAMATClHOt!~ICOO[tl9Xt4HAREA/) 
913 'OA*rfAT C 15•1SX•f'l:Z.SI 
9\• 'O~MATClHO•lSHPR!SCNTED AREA••'l~•J) 
9l! rOAMATJlHOtliHNUMIER 0,. CEUS lttlS•lOlt 

1 2ZHN.U .. eEA OP' ctu...S .,.IT lStJS) 

DATA HWINtHH,TtHHCMtMHM8tM~'iMINtZH~tZHCMt2HM ,zH I 
TYP[UN(l)•HHIN . 
TYP[UNCzi•HHP'T 
TYPtUN(J)•MHCIII 
TYP[UN 1·4) •HHM8 
CON-VAT ( l•ll•le 
CONVATI1•2J••006944444444444 
C0NVRTC1tl)•6·•5162SIO• 
CONVATC1t4l•·0~0645t6l!l06 
CONVRTC2•1l•l44r 
CftNVRTl2t2J•l• 
CC!NVIn IZ't~) •929,, 03.1161 
C0NVATC2t4J•a0929014ll6l 
CC!tNYRiT ( 3 t l ,) • • \ !4 9U69 
CONVATC3•2J••001016316T36 
C0NVAT(]t31•1• 
CONVATI3t4J••0001 
C0NVATC4tl)•l549e9969 
~ONVAT 14•Z)Ia:} Qe76J6·736 
CONVATC4tl)•lOOOO. 
cONYR'TC 4 t 4t•\• 
Bl.A NIC •MM88. 

COMPUT! AND lNJTIALIZf AA£4 FDA S!OAINQ PRESENTED AREA 
By COMPON!NT COQ£ 

LAREA•L.IRF0.1000 
tP'C~AAEAeGEeLEGEOM)GOTO lO 
_.RITE C6.•908) LEOEOM't~AAEAtLIA,O 
STOP 

10 LAA£Al•~IA,.0•1 
DO 20 L•LAAlAtLAACAl 
AST£1'CLJ•o• 

FIG . 11 3. Source Lis ting, Subroutine AREA 
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CJ 
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ZO ~TINUE 

A!AO OAIO INPUT P&AAMETEAS 

AfAO C5 1 901tNl,NY,lASTAT elfNC,N81£~AtNSTAAT,NINO,C~LLUN,AAEA~ 
A!AO c;e90Z)AtEtENITHelSHJ,Tt~ND 
AEAO C!t902,XSHI,TtYSHJ,TtCELSIZ 

tNtTIALIZ! PAAAN!TEAS NOT SET IY lN~UT 

t'CIASTAT eLE.OtiASTAT•l 
I,Ct!LSIZ eLE•O•)C!LSIZ•4• 
I'CNSTAATeL!eOlNSTAAT•l 
t'CNGt[AAeLE•olNGt!AA•z! 
I'CAA[AUN,[Q , BLANK)AA[AUN•HHIN 
I'CCELL.UNe[QeBLANKlClLLUN•MHIN 

c 
~· DfT[AMIN! MEASUREMENT UNITS AND CON~UTE OAIO CELL AAlA 
c 

c 

00 30 1•1•4 
I'CCELL.UN,[Q,TYPEUNClttOOTO 40 

lO Ct'\NTINU! 
•o oo !O J•l•• 

I'C&Af:aUNe[Q,TYPEUNCJ)tOOTO 60 
500 CONTINUE . 
6 AAEAC•C!LStZ•CELStZ•CONVATCltJ) 

AAOt~N•eOl145l292519943 
AA•a•AaOlAN 
!R•E•AAOUN 
Sa•SINCAAl 
C&eCOSCARI 
SE•SINCEAt 
CE•COSCEAt 
I<L•NX•NY 
NHIT•o 

~! PROCESS KL CELLS tN GRID PLAN[ 
c 

00 ZOO KI<•NSTAAT,KL 
~9Cti••CE•CA 
waczt•-cr•u 
~9(3) .. 5[ 

~~ COHPUT[ ROW AND COLUHN NUHB[R 0, GRlO C!L~ 
c 

c 

c_ c., 
c 

ll•C(KM•l)/Nit)•l 
J•KK•Cit•t)•NK 

C!LLz•,!eCEL.SIZ 
V•,LOATCCNYIZI•lt)eC[LSIZ •CELLZ 
VR[,•V•C!LL2 
H•,LO&TCCNXIzl• J)•t!LSIZ •CELLI 
HRE,•H•CELLZ 
tV•A&N(•tl•to• 
tH•RAN c~ll·to. 
IVlH•to•tH•lV 

cnMPUT! RANDOM POINT WITHIN GRID C[~L 

FIG . 113 - (Contd . ) 
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c 

c 

V•V•CE~SlZ •FLOATclY)t10e+C£LS1Z 120. 
"•H•CELSIZ •'LOaTctMIIto••CELSIZ lzO• 

X9SCli•XSMI,T•V•CAeSE•H•Sa 
XgSCllaYSHIFT•Vesa•SE•M•Ca 
XBSC]laZSHtFTtVect 
CALL TROPicCWP) 
XBSCtl•XBSCtJ•WPCtJ!l•OE•• 
X9SC2)aXBS(2)+WPIZ)•l•Of•4 
X8S(J)aX8S(]I•WPCJ)•l•OE•4 

CONVERT ORIO PLANE COORDINATES TO COORDINATES OF fARG[T 

X8Cli•XBSC1)•£NGTH•WBCll 
XBCzJ•XBSCzi•ENGTH•WBCzl 
X8Cll•X8S(J)•[NOTH•WBC31 
l'CKB(JieL[,QAOUNOIGOTO 200 

c 
C9 TRACE RAY TO ,lAST TARGET CONPON(NT HIT e 

110 

120 

- zoo e_ 
CtO 
e 

tR•IASTRT 
NASC••i 
CALL GlCSltiRPAl~tXP) 
IFil[RR,Q[,NGl[RR l R[TUAN 
l'CIRPRlMeLTeOIGOTO lOO 
t,INASCeL[,NAPPll~PAI"•O 
IFClRPRIMeEQeOI GOTO ZOO 
LDC•LIRFO+IRPRIM•t 
CALL UNzCLOCtiCODEeiOENTJ 
IOENT•tOENT•l 
I'CIOENT•IlO!NT/ tol•lO•[Q,oiOOTO 
IA•IRPRIN 
OOTO 110 
I~CICOOEeNEoOIOOTO llO 
W~ITE 16•9091 
GnTO 200 

~~~[h'~~~i!~~Y(R\Locl•aREac 
Nl-ltT•NHlhl 
CONTINUE 

PAINT AESUL.TS 

120 

~m iTE 16•91 0lAtE 
WRITE C6•9 t llCELS!Zt CELS1Z• CELLUNtAREAUN 
WRITE C6• 9tz> 
! IJI"a•o. 
DO 250 1•1•999 
Lnc•LAREA•I•l 
lFCaST[RILOC)e E0 . 0 e>GOTO Z50 
WRITE C6t9}Jil t ASTERCLOC) 
SU~A•SUMA+lSTEA ( LOC ) 

Z50 CC'IHTINUE 

c 
c 

WRITE (6t9t41 SUMA 
~RifE C6•91siKLt NHlT 
RETURN 
END 

FIG. 113. (Concluded) 
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!UBROUTIN! T!STG 
e C1 TRACE A RAY B!TWEEN T~O GIVEN 'OINT~ lB TO lB' 
c 

c 

DIMENSION XPC3JtX8,Cl) 
C0MMON/PAA[M/X8 CJ)tW8(J)tlA 
cOMMON/O[OMILBAS[tRJNtROUTtLAltLAOt~JNFti[AAtOIST 
COMMON/VNCG[N/NRPPtNTAJPtNSCALtNBOOr tNAM•l•LlAIPtLSCALtLAEOOt 

1 LOATAtLRINtLROTtLJ0eL0COAtl15tlJOtLB00YtNASCtKLOO' 
COMNON/WALTILIAFOtNOlEAA 

901 ,OAMATC2110) 
9o2 'nRMATC1 MOt22MNUMB!A 0' SPECIAL AAY~tl5) 
~03 ,ORMAYC)!l!o7tlll!) 
904 'nRMATC1HOt!HSTARTt!lt4M Xl•t3!15~7•1M IASTAT••IS/ 

1 4H !NDeTXt4HX9,••3El5•T•BH lA,IN•tlS) 
905 F0RMATC1HOtJHWB••J!lS•T•5Xt6HAaNGE• 1 [15•TJ 
906 ,~RMAlllMOe8Xt2HlRt4Xt6MIRPAIHtlZlt2HSlt1JltZHlPttlXtzH~Pt 

1 llX•ZHZP•12Xt4HOl!T) . 
90T ,nRMATCZll0•5Xt5El5•7) 
908 'ORMATClHOt21HTROUBLE IN A[GION lA••IlO) 

c . 
'' !NTEA NUMBER O' RAYS c 

c 

A!AD CSt901)NRAYS,NGl£AA 
WAIT! C6t90ZINAAY! 
l'lNG}[RAeL[oOINGtEAR•25 

~' TRACE GIVEN NUMBER OF RAYS 
c 
c 
C4 ENTER POINT COORDINATE! AND REGION 0' EACH 
t 

c 
c~ 

c 

c 

RfAO C5e903) XB,tRSTRT 
READ CSt90JIXBFtiR'lN 
WRIT! C6t904) X8tiASTRTtX8,tiRFIN 
AANO!•XOISTCXBtX8F) 
CALl DCOSPCX8tXBFeW8l 
WRIT£ (6f90S)W8tR&NGE 
lA•IASTRT 
NASC••l 
wAITE (6t9Q6l 

TRACE RAY TO NEXT REGION INTERSECT 

10 CALL GlCS1,1RPRIM,XPl 
lFCIERRoGEoNGtERR)GOTO 60 
wRITE (6t907lJR,JRPRIMtSltXPtDI5T 
lF(QlSToG[oAANG[ JGOTO ]0 
l'CIRPAlHoL!oQIOOTO ZO 
1R•tAPR1M 
GOTO 10 

ZO WAIT! C6t9Q8liR 
OOTO 50 

30 I'ClAeNfeiR,lNIGOTO ZO 
50 CONTlNUf 
60 1£AAeO 

RETURN 
[NO 

FIG. 114 . Sour ce Listing, Subrou tine TESTG 
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SAMPLE INPUT 
1 24 12 

-10000. 10000. -10000. 10000. -10000. 10000 .. 
2 BOX 75. -)6. 12· -uo. o. o. BODY 
2 o. 72. o. o. o. 36. 
3 BOX lit. -35. 13. -148. o. o. 11.01 
3 o. 10. o. o. o. 34. 
It ARB 75. -36. 12- 1S. 36. 12. FRONT 
It 75. )6. 48. 7S . -16. 48. 
4 100. o. u. 100. o. 12. 
It 100. o. 12.. 100. o. 12. 
4 1234 6435 6128 6237 7415 7415 
'5 ARB -75. -36. u. -75. 36. 12. REAR 
5 -75. 36. 48. -75. -36. 48. 
5 -100. -24. 12. -100. z~. 12. 
'5 -100. 24. 20. -100. -24. 20. 
5 1234 5618 3487 1265 2376 1485 
6 Ell 20. o. 48· -zo. o. ..a. IIUIIBl E 
6 so. 
7 Ell 1 o. o. 48. 24. o. o. (1.01 
7 14. 
8 RCC 60. -36. 12· -o. a. o. t~t!EEL 
8 12. 
9 RCC 60. 36. u. o. -·· o. WHEEl 
9 12. 
10 RC.C -60. -36. 12. o. a. o. WtiEEL 
10 12. 
11 ACC -60. 36. u. o. -·· o. WHEEl 
ll 12. 
12 BOX -70. -20. 15. 40. o. o. ENGINE 
12 o. 40. o. o. o. 30. 
13 RAW -70. -20. 4,. o. o. -10. IE,.GI,.EJ 
ll o. 10. o. 40. o. o. 
14 RAW -70. 20. 45. o. o. -10. I ENGINE I 
14 o. -10. o. 40. o. o. 
15 ARB -70. -10. 45. -10. 10. 45. I ENGINE I 
15 -10. o. 35. -10. o. 35. 
15 -30. -10. ItS. -30. 10. 4!5. 
15 -30. o. 35. -30. o. J5. 
15 3124 7658 ll75 2376 1265 1265 
16 ARS 
16 4 5 
16 -70. -20. 15. -70. -zo. 15. 1 
16 -10. -zo. 15. -1o. -zo. 15. 2 
16 -70. -20. 15. ] 
16 -10. -zo. 15. - 70. -10. 15. 4 
16 -70. -10. 25. -10. -zo. 35. 5 
16 -10. -zo. 15. 6 
16 -30. -20. 15. -30. -10. 15. 7 
16 -30. -10. 25. -30. -zo. 35. 8 
16 -30. -zo. 15. 9 
16 -30. -zo. 15. -30. -zo. 15. 10 
16 -30. -zo. 15. -30. -zo. u. u 
16 -30. -zo. 15. 12 
17 ARS 
l7 '5 4 
17 -70. 20. IS. -70. zo. lS. 1 
17 -30. zo. 15 . -30. 20. u. 2 

FIG. 115. Listing, Sample Problem Data Deck 
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- 17 -70. zo. 15. -to. 10. 15. J 
11 -30. 10. 15. -30. 20. 15. 4 
17 -70. 20. 15. -70. 10. 25. 5 
11 -30. 10. 25. -30. 20. 15. 6 
11 -70. 20. 15. -70. 20. 35. 7 
17 -30. 20. 35. -30. 20. 15. 8 
11 -70. 20. 15. -70. 20- 15. 9 
11 -30. 20. 15. -30 . 20. 15. 10 
18 REt o. o. 24. o. o. 28. TRUNK 
18 o. 1.5 o. 5 . o. o. 
19 SPH o. o. 52. s. HUD 
20 TEC o. -7 . 5 49. 20. o. - 12. AR" 
20 o. o. ~- o. 2. o. 
20 2. 
21 TEC o. 7.5 <1!9. zo. o. -12. "~" 21 o. o. 3. o. 2. o. 
21 2. 
22 TRC -z. -"t.S 21. }2.. o. -12. lEG 
22 .3. z. 
2.3 TRC -z. 4.5 27. 32 . o. -12. LEG 
23 3. z. 
24 TOR 21.') o. 31. l. o. o. STEER lNG 
24 8. 1. W~EEL 

25 ARB 21. 5 -6. 33.5 21.5 6. 33.5 CENTER 
25 21 - 5 o. 44. 40. o. 37. STEERING 
25 2l . 5 -6. 33.5 .u . s 6. 33.5 lilt' EEL 
25 21.5 o. 44. 40. o. 37. 
25 3127 2lit6 4328 1)45 3 127 3121 
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FIG. 115 (Concluded) 
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